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MANAGERS 

Gkokok  I.  HocKWOOD Worcester,  Mass. 

JoBN  W.  LiEB.  Ju New  York,   N.  Y. 

Asa  M.   Mattick Pittsburg,  Pa. 

Terms  expire  at  Annual  Meeting  of  1906 
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Prof.   F.   R.  IIdttok 12  West  aist  St..  New  York,  N.  Y. 
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HONORARY  COUNCILLORS 

PAST  PRESIDENTS  OF  THE   SOCIETY 

Thurston,  R.  H 1880—1882 Died  Oct.  25,  1903 

Leavitt,  E.  D : 1882—1883 Cambridge,  Mass. 

Sweet,  John  E 1883—1884 Syracuse,  N.  Y. 

HoLLOWAY,  J.  F 1884—1885 Died  Sept.  1,  1896 

Sellers,  Coleman 1885—1886 Philadelphia,  Pa. 

Babcock,  George  H 1886—1887 Died  Dec.  16,  1893 

See,  Horace 1887—1888 

TowNE,  Henry  R 1888—188!) New  York,  N.  Y. 

Smith,  Oberlin 1889—1890 Bridgeton,  N.  J. 

Hunt,  Robert  VV 1890—1891 Chicago,  111. 

LoRiNG,  Charles  11 1891—1892 Brooklyn,  N.  Y. 

CoxE,  EcKLEY  B 1892—1894 Died  iMay  13,  1895 

Davis,  E.  F.  C 1894 Died  Aug.  0,  1895 

Billings,  Charles  E.* 1895 Hartford,  Conn. 

Fritz,  John 1895—1896 Bethlehem,  Pa. 

Warner,  Worcester  R 1896—1897 Cleveland,  O. 

Hunt,  Charles  Wallace 1897—1898 New  York,  N.  Y. 

Melville,  George  W 1898—1899 Philadelphia,  Pa. 

Morgan,  Charles  H 1899—1900 Worcester,  Muss. 

Wellman,  S.  T 1900—1901 Cleveland,  0. 

Reynolds,  Edwin 1901—1902 Milwaukee,  Wis. 

Dodge,  James  M 1902—1903 Philadelpliia,  Pa. 

Swasey,  Ambrose 1903—1904 Cleveland,  0. 

Freeman,  John  R 1904 — 1 905     Providence,  R.  I. 

Note.— According  to  the  Constitution,  Article  C  27,  tlic  Ave  surviving  Past  Pn^sidcnts  who  last 
held  the  office  urc  members  of  the  Council,  with  ull  the  rights,  privileges  and  duties  of  other 
members. 

♦  Unexpired  term  of  E.  F.  C.  Davis. 
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NOTE 

The  consiilerable  bulk  of  the  volumo  of  Transactions  has  induced  the  Publica- 
tion Commit tt*e  to  direct  the  insertion  of  a  summary  of  the  Society  membei*ship  in 
place  of  the  oomjdete  list  of  members  which  was  published  in  the  earlier  volumes. 
The  summary  attaching  to  this  issue  is  that  which  ap[)ears  in  the  List  of  Members 
(Pocket  Eklition),  issued  July,  1906. 
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GEOGRAPHICAL  SUMMARY 

Total  Foreign  Membership 178 

Total  Membership  in  United  States 2,856 

*  Present  Address  Unknown . .  6 

Total  Membership 3,040 

SUMMARY   BY  GRADES 

Honorary  Meidbers 19 

Members 2,058 

Associates   273 

Junior  Members 690 

Total  Membership 3,040 

f  Life  Members 


♦  Thene  arc: 

Fiiwcett,  Wallace  H. 
Grinit*haw,  Frederick  G. 
Hillard.CbarIef«J. 
Mayer,  L.  G.  C. 
Porter,  Arthur  T. 
Stllen.  Norman  C. 
If  any  m'-ra'wr  knows  the  present  addresses  of  any  of  these  members,  he  will  confer  a  favor 
by  adviiting  thn  Secretary. 

t  Thewj  Life  Members  are  included  In  the  total  membership  above,  in  the  class  to  which  tliey 
belong. 
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OONSTITUTIOK. 


NAME,    OBJECT   AND    GOVEKNMENT. 

C  1.  The  title  of  this  Society  is  "  The  American  Society  of 
Mechanical  Engineers." 

C  2.  The  object  of  the  Society  is  to  promote  the  Arts  and 
Sciences  connected  with  Engineering  and  Mechanical  Construc- 
tion. The  principal  means  for  this  purpose  shall  be  the  holding 
of  meetings  for  the  reading  and  discussion  of  professional  papers, 
and  for  social  intercourse;  the  publication  and  distribution  of  its 
papers  and  discussions;  and  the  maintenance  of  an  Engineering 
Library. 

C  3.  The  Society  shall  be  governed  by  this  Constitution,  and 
by  By-Laws  and  Rules  in  harmony  therewith. 

C  4.  The  Society  was  organized  as  a  Corporation  under  the 
laws  of  the  State  of  New  York,  April  7,  1880.  Its  offices  shall 
be  located  in  the  City  of  New  York. 

MEMBERSHIP. 

C  5.  Persons  connected  with  the  Arts  and  Sciences  relating 
to  Engineering  or  Mechanical  Construction  may  be  eligible  for 
admission  into  the  Society. 

C  6.  The  membership  of  the  Society  shall  consist  of  Hon- 
orary Members,  Members,  Associates  and  Juniors.  Honorary 
Members,  Members  and  Associates  are  entitled  to  vote  and  to 
hold  oflRce.  Juniors  shall  not -be  entitled  to  vote  nor  to  be 
officers  of  the  Society,  but  shall  be  entitled  to  the  other  privileges 
of  membership. 

C  7.     Honorary  Members,  Members  and  Associates  are  en- 
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titled  to  vote  on  all  questions  before  any  meeting  of  the  Society, 
in  person  or  by  proxy,  given  to  a  voting  member.  A  jiroxy 
shall  not  be  valid  for  a  greater  time  than  six  months. 

C  8.  Honorary  Members  shall  be  persons  of  acknowledged 
professional  eminence,  and  their  number  shall  not  exceed  twenty- 
five  at  any  time. 

C  9.  A  Member  must  have  been  so  connected  with  Engi- 
neering as  to  be  competent,  as  a  designer  or  as  a  constructor, 
to  take  responsible  charge  of  work  in  his  branch  of  Engineering, 
or  he  must  have  serveil  as  a  teacher  of  Engineering  for  more 
than  five  years.     A  Member  shall  be  thirty  years  of  age  or  over. 

C  10.  An  Associate  must  either  have  the  other  qualifications 
of  a  Member  or  be  so  connected  with  Engineering  as  to  be  com- 
j)etent  to  take  charge  of  engineering  work,  or  to  co-operate  with 
Engineers.  An  Associate  shall  be  twenty-six  years  of  age  or 
over. 

CMl.  A  Junior  must  have  had  such  engineering  experience 
as  will  enable  him  to  fill  a  responsible  subordinate  position  in 
engineering  work,  or  he  must  be  a  graduate  of  an  engineering 
school.     A  Junior  shall  be  twenty-one  years  of  age  or  over. 

C  12.  The  rights  and  privileges  of  every  Honorary  Member, 
Member,  Associate  and  Junior  shall  be  pei*sonal  to  himself,  and 
shall  not  be  transferable  or  transmissible  by  his  own  act  or  by 
o|)eration  of  law. 

ADMISSION. 

C  13.  Ilonorar)^  Members  shall  bo  nominated  by  at  least  ten 
meiniK!re  of  the  Society.  The  grounds  upon  which  the  nomina- 
tion is  made,  shall  be  presented  to  the  Council  in  writing. 

(-  14.  All  applications  for  membership  to  the  grades  of 
Menil>cr,  Associate  or  Junior  shall  be  presented  to  the  Council, 
wliidi  sliall  consider  and  act  uj)on  each  application,  assigning 
ejich  approved  applicant  to  the  grade  of  membership  to  which, 
in  tlie  judgment  of  the  Council,  his  (jualificaticms  entitle  him. 
The  name  of  each  candidate  thus  approved  by  the  Council,  shall, 
unless  objection  is  made  by  the  applicant,  be  submitted  to  the 
voting  membership  for  election,  by  means  of  a  letter-ballot. 

C  15.  Associates  or  Juniors  desiring  to  change  their  grade  of 
niemlH'rship  shall  make  application  to  the  Council  in  the  same 
manner  as  is  requireil  in  the  case  of  a  new  appliciint. 
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C  16.  Election  to  membership  shall  be  by  a  sealed  letter- 
ballot  as  the  By-Laws  shall  provide.  Adverse  votes  to  the  num- 
ber of  two  per  cent,  of  the  votes  cast  shall  be  required  to  defeat 
the  election  of  an  applicant  for  any  grade  of  membership.  The 
Council,  may  in  its  discretion,  order  a  second  ballot  upon  a  de- 
feated applicant,  in  which  case  adverse  votes  to  the  number  of 
four  per  cent,  of  the  votes  cast,  shall  be  required  to  defeat  the 
election. 

C  17.  The  election  of  Honorary  Members  shall  be  by  a  vote 
of  the  Council  taken  by  letter-ballot,  as  provided  in  the  By-Laws. 
One  dissenting  vote  shall  defeat  such  election. 

C  18.  Each  person  elected,  excepting  Honorary  Members, 
shall  subscribe  to  this  Constitution,  and  shall  pay  the  initiation 
fee  before  he  can  be  entitled  to  the  rights  and  privileges  of 
membership.  If  such  person  does  not  comply  with  this  require- 
ment within  six  months  after  notice  of  his  election,  he  will  be 
deemed  to  have  declined  election.  The  Council  may,  thereupon, 
declare  his  election  void. 

INITIATION    FEES    AND   DUES. 

C  19.  The  initiation  fee  for  membership  in  each  grade  shall 
be  as  follows: 

For  Member Twenty-five  Dollars, 

For  Associate Twenty-five  Dollars, 

F^or  Junior Fifteen  Dollars. 

C  20.  A  Junior,  on  promotion  to  any  other  grade  of  member- 
ship, shall  pay  an  additional  fee  of  Ten  Dollars. 

C  21.  The  annual  dues  for  membership  in  each  grade  shall 
be  as  follows: 

For  Member Fifteen  Dollars, 

For  Associate Fifteen  Dollars, 

For  Junior Ten  Dollars  for  the  first 

six  years  of  his  membership  and  thereafter  the 

same  as  for  an  Associate. 

C  22.  The  Council  may  in  its  discretion,  permit  any  Member 
or  Associate  to  become  a  Life  Member  in  the  same  grade,  by  the 
payment  at  one  time  of  an  amount  sufficient  to  purchase  from 
the  Equitable  Life  Assurance  Society  of  New  York,  an  annuitj'' 
on  the  life  of  a  person  of  the  age  of  the  applicant  equal  to  the 
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annual  dues  in  his  grade.     Such  Life  Member  shall  not  be  liable 
thereafter  for  annual  dues. 

C  23.  The  Council  shall  have  the  power,  by  letter-ballot,  to 
admit  to  Life  Membership,  without  the  payment  of  a  life  mem- 
bership fee,  any  person  who,  for  a  long  term  of  years,  has  been 
a  Member  or  an  Associate  when,  for  special  reasons,  such  pro- 
cedure would,  in  its  judgment,  promote  the  best  interests  of  the 
Society,  provided  that  notice  of  such  proposed  action  shall  have 
been  given  at  a  previous  meeting  of  the  Council.  One  dissent- 
ing vote  shall  defeat  such  admission. 

SUSPENSIONS    AND    EXPULSIONS. 

C  24.  Any  Member,  Associate  or  Junior  who  shall  leave  his 
annual  dues  unpaid  for  one  year,  shall  not  receive  the  volume  of 
Transactions  until  such  arrears  are  paid.  Any  Member,  Asso- 
ciate or  Junior  who  shall  leave  his  dues  unpaid  for  two  years, 
shall,  in  the  discretion  of  the  Council,  have  his  name  stricken 
f i*om  the  roll  of  membership,  and  shall  cease  to  have  any  further 
rights  as  such. 

C  25.  The  Council  may  refuse  to  receive  the  dues  of  any 
meml)er  of  any  grade,  who  shall  have  been  adjudged  by  the 
Council  to  have  violated  the  Constitution  or  By-Laws  of  the 
Society,  or  who,  in  the  opinion  of  the  Council  by  a  two-thirds 
vote,  shall  have  been  guilty  of  conduct  rendering  him  unfit  to 
continue  in  its  membership;  and  the  Council  may  expel  such 
|>erson  and  remove  his  name  from  the  list  of  members. 

THE    COUNCIL. 

C  2H.  The  affairs  of  the  Society  shall  bo  managed  by  a  Board 
of  Directors  chosen  from  among  its  Members  and  Associates, 
which  shall  be  styled  ''  The  Council."  The  Council  shall  consist 
of  the  President  of  the  Society,  who  shall  be  the  presiding  officer, 
six  Vice-Presidents,  nine  Managers,  the  Treasurer  and  five  Past 
Presidents.  Five  nienibers  of  the  Council  shall  constitute  a 
quorum  for  the  transaction  of  business.  Tlie  Secretary  may 
take  part  in  the  deliberations  of  the  Council,  but  shall  not  have 
a  vote  therein.  The  Chairman  of  the  Finance  Committee  shall 
attend  the  meetings  of  the  Council  and  take  part  in  the  discus- 
sion of  financial  questions  but  shall  not  have  a  vote. 
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C  27.  The  five  surviving  Past  Presidents  who  last  held  the 
oflDlce  shall  be  members  of  the  Council  with  all  the  rights,  priv- 
ileges and  duties  of  the  other  members  of  the  Council. 

C  28.  The  Council  thus  constituted  shall  be  the  legal  Trustee 
of  the  Society.  All  gifts  or  bequests  not  designated  for  a  specific 
purpose  shall  be  invested  by  the  Council,  and  only  the  income 
therefrom  may  be  used  for  current  expenses. 

C  29.  Should  a  vacancy  occur  in  the  Council,  or  in  any  elec- 
tive office  except  the  presidency,  through  death,  resignation  or 
other  cause,  the  Council  may  elect  a  Member  or  Associate  to  fill 
the  vacancy  until  the  next  annual  election. 

C  30.  The  Council  shall  regulate  its  own  proceedings,  and 
may  by  resolution  delegate  specific  powers  to  an  Executive 
Committee  or  to  any  one  or  more  members  of  the  Council.  No 
act  of  the  Executive  Committee  or  of  a  delegate  shall  be  binding 
until  it  has  been  approved  by  a  resolution  of  the  Council. 

C  31.  The  Council  shall  present  at  the  Annual  Meeting  of 
the  Society  a  report  verified  by  the  President  or  Treasurer  or 
by  a  majority  of  the  members  of  the  Council,  showing  the  whole 
amount  of  real  and  personal  property  owned  by  the  Society, 
where  located,  and  where  and  how  invested,  and  the  amount 
and  nature  of  the  property  acquired  during  the  year  immediately 
preceding  the  date  of  the  report,  and  the  manner  of  the  acquisi- 
tion; the  amount  applied,  appropriated  or  expended  during  the 
year  immediately  preceding  such  date,  and  the  purposes,  objects 
or  persons  to  or  for  which  such  applications,  appropriations  or 
expenditures  have  been  made;  also  the  names  and  places  of  resi- 
dence of  the  persons  who  have  been  admitted  to  membership  in 
the  Society  during  the  last  year,  which  report  shall  be  filed 
with  the  records  of  the  Society,  and  an  abstract  thereof  shall  be 
entered  in  the  minutes  of  the  proceedings  of  the  Annual  Meeting. 

C  32.  An  act  of  the  Council,  which  shall  have  received  the 
expressed  or  the  implied  sanction  of  the  membership  at  the  next 
subsequent  meeting  of  the  Society,  shall  be  deemed  to  be  the  act 
of  the  Society,  and  shall  not  afterwards  bo  impeached  by  any 
member. 

C  33.  The  Council  may,  by  a  two-thirds  vote  of  the  members 
present,  declare  any  elective  office  vacant,  on  the  failure  of  its 
incumbent  for  one  year,  from  inability  or  otherwise,  to  attend 
the  Council  meetings,  or  to  pei'form  the  duties  of  his  office,  and 
ijhall  thereupon  ai)point  a  Member  or  Associate  to  fill  the  vacancy 
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untal  the  next  Annual  Meeting.     The  said  appointment  shall  not 
render  the  appointee  ineligible  to  election  to  any  office. 

OFFICERS. 

C  34.  At  each  Annual  Meeting  there  shall  be  elected  from 
among  the  Members  and  Associates: 

A  President  to  hold  office  for  one  year. 
Three  Vice-Presidents,  each  to  hold  office  for  two  years. 
Three  Managers,  each  to  hold  office  for  three  years. 
A  Treasurer  to  hold  office  for  one  year. 

C  35.  The  election  of  officers  shall  be  by  sealed  letter-ballot, 
as  the  By-Laws  shall  provide. 

C  36.  The  term  of  all  elective  officers  shall  begin  on  the  ad- 
journment of  the  Annual  Meeting  of  the  Society.  Officers  shall 
continue  in  their  respective  offices  until  their  successors  have  been 
elected  and  have  accepted  their  offices. 

C  37.  A  Pi'esident,  Vice-President  or  Manager  shaU  not  be 
eligible  for  immediate  re-election  to  the  same  office  at  the  expira- 
tion of  the  term  for  which  he  was  elected. 

C  38.  The  Council,  at  its  flrst  meeting  after  the  Annual 
Meeting  of  the  Society,  shall  appoint  a  j)erson  of  the  grade  of 
Member  to  serve  as  Secretary  of  the  Society  for  one  year,  sub- 
ject to  removal  for  cause  by  an  affirmative  vote  of  fifteen  mem- 
bers of  the  Council,  at  any  time  after  one  month's  written  notice 
has  been  given  him  to  show  cause  w^hy  he  shoulil  not  be  re- 
moved, and  he  has  been  heard  in  his  own  defense,  if  he  so  de- 
sires. The  Secretary  shall  receive  a  salary  which  shall  be  fixed 
by  the  Council  at  the  time  of  his  appointment. 

(.■  39.  The  President,  Secretary  and  Treasurer  shall  perform 
the  duties  legally  or  customarily  attaching  to  their  respective 
offices  under  the  Laws  of  the  State  of  New  York,  and  such  other 
duties  as  may  be  required  of  them  by  the  Council. 

C  40.  A  vacancy  in  the  office  of  President  shall  be  filled  by 
the  Vice-President,  who  is  senior  by  age. 

MEETINGS. 

C  41.  The  Society  shall  hold  two  meetings  in  each  year.  The 
Annual  Meeting  shall  begin  in  New  York  City  on  the  first  Tues- 
day  in  December,  and  a  Semi-Annual  Meeting  shall  be  held  at 
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such  time  and  place  as  the  Council  may  appoint.  Fifty  Members 
and  Associates  shall  constitute  a  quorum  for  the  transaction  of 
business. 

C  42.  Special  meetings  of  the  Society  may  be  called  at  any 
time  at  the  discretion  of  the  Council,  or  shall  be  called  by  the 
President  upon  the  written  request  of  fifty  members  entitled  to 
vote,  the  notices  for  such  meetings  to  state  the  business  for 
which  such  meeting  is  called,  and  no  other  business  shall  be 
entertained  or  transacted  at  that  meeting. 

C  43.  Any  appropriation  recommended  by  the  Society  at  a 
meeting  shall  not  take  effect  until  it  has  been  approved  by  the 
Council. 

C  44.  Every  question  w^hich  shall  ^.ome  before  a  meeting  of 
the  Society  or  of  the  Council  or  a  Committee,  shall  be  decided 
by  a  majority  of  the  votes  cast,  unless  otherwise  provided  in  this 
Constitution  or  the  By-Laws,  or  the  Laws  of  the  State  of  New 
York.  The  Council  may  order  the  submission  of  any  question 
to  the  membership  for  discussion  by  letter-ballot.  Any  meeting 
of  the  Society  at  which  a  quorum  is  present,  may  order  the  sub- 
mission of  any  question  to  the  membership  for  discussion  by 
letter-ballot. 

STANDING   COMMITTEES. 

C  45.  The  Standing  Committees  of  the  Society  to  be  ap- 
pointed by  the  President  shall  be: 

Finance  Committee, 
Committee  on  Meetings, 
Publication  Committee, 
Membership  Committee, 
Library  Committee, 
House  Committee. 
C  46.     There  shall  be  a  John  Fritz  Medal  Committee  of  three 
members  appointed  as  provided  in  the  By-Laws. 
C  47.     The  Annual  Committees  shall  be: 

An  Executive  Committee,  appointed  by  the  Council. 
A  N'ominating  Committee,  appointed  by  the  President. 
Tellers  as  required    by   the  By-Laws,   appointed   by  the 
President. 
0  48.     Special  Nominating  Committee: 

Twenty  or  more  members  entitled  to  vote  may  constitute 
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themselves  a  Special  Nominating  Committee,  with  the  same 
powers  as  the  Annual  Nominating  Committee. 

C  49.  Professional  Committees: 
The  Council  shall  have  power  to  appoint,  upon  a  recom- 
mendation of  the  Society  at  a  general  meeting,  or  upon  its  own 
initiative,  such  Professional  Committees  as  it  may  deem  desira- 
ble, to  investigate,  consider  and  report  upon  subjects  of  engineer- 
ing interest.  Reports  of  such  committees  may  be  accepted  by 
the  Society  and  printed  in  the  Transactions^  but  shall  not  be 
approved  or  adopted  as  the  action  of  the  Society.  Any  proposed 
exj>enses  of  such  committees  must  be  authorized  by  the  Council 
before  they  are  incurred. 

C  50.  Each  Committee  shall  perform  the  duties  required  of  it 
in  the  By-Laws,  or  assigned  to  it  by  the  Council.  The  Secretary 
of  the  Society  shall  be  the  Secretary  of  each  of  the  Standing 
(Committees. 

C  51.  The  Council  may  at  any  time,  in  its  own  discretion, 
remove  anv  or  all  members  of  any  Committee,  except  a  Nom- 
inating Committee;  and  the  vacancy,  arising  from  this  or  from 
any  other  cause,  shall  be  filled  by  appointment  by  the  President, 
except  a  vacancy  in  the  Executive  Committee,  which  shall  be 
filled  by  the  Council. 

SECTIONS    OF   THE    SOCIETY. 

0  52.  The  Council  may,  in  its  discretion,  authorize  the  or- 
pmization  of  sections  or  groups  of  any  or  all  grades  of  member- 
ship, for  professional  or  scientific  purposes  which  arc  in  harmony 
with  the  Constitutitm  and  I'y-Laws  of  this  Society.  Such  sec- 
tions or  groups  may,  in  the  discretion  of  the  Council,  be  geo- 
[^mphical  or  professional,  and  shall  have  such  powers,  and  act 
under  such  rules  and  regulations  as  the  Council  may  from  time 
to  time  prescribe. 

TRANSACTIONS. 

(' 5.S.  The  official  record  of  technical  papers  an<l  discussion, 
nball  Ih>  known  as  the  Transarflona  of  the  Society,  and  shall  be 
puhlishe<l  under  the  direction  of  the  Council.  There  may  be 
includ«Hl  therein,  the  annual  report  of  the  Council,  reports  of 
Committees,  and  business  records  of  the  Society. 
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C  5i.  The  Society  shall  claim  no  exclusive  copyright  to  any 
papers  read  at  its  meetings,  or  any  reports  or  discussions  thereon, 
except  in  the  matter  of  their  oiRcial  publication  under  the  So- 
ciety's imprint  as  its  Transactions,  The  policy  of  the  Society 
shall  be  to  give  the  professional  and  scientific  papers  read  before 
it  the  widest  circulation  possible,  with  the  view  of  making  the 
work  of  the  Society  known,  encouraging  Engineering  progress 
and  extending  the  professional  reputation  of  its  members. 

C  55.  The  Society  shall  not  be  responsible  for  statements  or 
opinions  advanced  in  papers  or  in  discussions  at  its  meetings. 
Matters  relating  to  politics  or  purely  to  trade  shall  not  bo  dis- 
cussed at  a  meeting  of  the  Society,  nor  be  included  in  the 
Transactions, 

C  56.  The  Society  shall  not  approve  or  adopt  any  standard 
or  formula,  or  approve  any  engineering  or  commercial  enterprise. 
It  shall  not  allow  its  imprint  or  name  to  be  used  in  any  commer- 
cial work  or  business. 

AMENDMENTS    TO   THE    CONSTITUTION. 

C  57.  At  any  semi-annual  meeting  of  the  Society  any  mem- 
ber may  propose  in  writing  an  amendment  to  this  Constitution. 
Such  proposed  amendment  shall  not  be  voted  on  at  that  meeting, 
but  shall  be  open  to  discussion  and  to  such  modification  as  may 
be  accepted  by  the  proposer.  The  proposed  amendment  shall 
be  mailed  in  printed  form  by  the  Secretary  to  each  member  of 
the  Society  entitled  to  vote,  at  least  sixty  days  previous  to  the 
next  annual  meeting,  accompanied  by  comment  by  the  Council, 
if  it  so  elects.  At  that  annual  meeting  such  proposed  amend- 
ment shall  be  presented  for  discussion  and  final  amendment,  and 
shall  subsequently  be  submitted  to  all  members  entitled  to  vote, 
provided  that  twenty  votes  are  cast  in  favor  of  such  submission. 
The  final  vote  on  adoption  shall  be  by  sealed  letter-ballot,  clos- 
ing at  twelve  o'clock  noon  on  the  first  Monday  of  March 
following. 

C  58.  The  letter-ballot,  accompanied  by  the  text  of  the  pro- 
posed amendment,  shall  be  mailed  by  the  Secretary  to  each 
member  of  the  Society  entitled  to  vote  at  least  thirty  days  pre- 
vious to  the  closure  of  the  voting.  The  ballots  shall  be  voted, 
canvassed  and  announced  as  provided  in  the  By-Laws.  The 
adoption  of  the  amendment  shall  be  decided  by  a  majority  of  the 
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votes  cast.  An  amendment  shall  take  effect  on  the  announce- 
ment of  its  adoption  by  the  Presiding  OiRcer  of  the  semi-annual 
meeting  next  following  the  closure  of  the  vote. 

AMENDMENTS    TO   BY-LAWS   AND    RULES. 

C  59.  For  the  further  ordering  of  the  affairs  of  the  Society, 
the  Council  may,  by  a  two-third  vote  of  its  members  present, 
amend  the  By-Laws  in  harmony  with  this  Constitution,  pro- 
vided that  a  written  notice  of  such  proposed  amendment  shall 
have  been  given  at  the  previous  regular  meeting  of  the  Council; 
and  provided  further  that  the  Secretary  shall  have  mailed  to 
each  member  of  the  Council  a  copy  of  such  proposed  amend- 
ment, at  least  thirty  days  in  advance  of  the  meeting  of  the 
Council  at  which  action  is  to  be  taken.  The  amendment  shall 
take  effect  immediately  on  its  passage  by  the  Council.  The 
Secretary  shall  at  once  mail  a  copy  of  such  amendment  to  the 
members  of  all  grades. 

C  60.  The  Council  may,  by  a  majority  vote  of  the  members 
present  at  any  meeting,  establish,  amend  or  annul  Eules  for  the 
conduct  of  the  business  affairs  of  the  Society;  for  the  ordering 
and  conduct  of  its  professional  or  business  meetings;  and  for 
guidance  of  its  committees  in  their  work  and  reports;  provided 
that  such  Rules  are  in  harmony  with  the  Constitution  and  By- 
Laws  of  the  Society. 

CONSTITUTION    GOES    INTO    EFFECT. 

C  01.  This  Constitution  shall  supersede  all  previous  Rules  of 
the  Society,  and  shall  go  into  effect  on  the  announcement  by  the 
Presiding  Officer  of  its  adoption. 


BY-LAWS. 

CANDIDATES    FOK    MKMIIKRSIIIP. 

B  1.  A  candidate  for  admission  to  the  Society  as  a  Memlx^r 
or  as  an  Associate  must  make  application  on  a  form  approved  by 
the  (Council,  u|)on  which  he  shall  write  a  statement  giving  a 
coinplotc  account  of  his  qualifications  and  engineering  experience, 
and  an  agreement  that  he  will,  if  elected,  conform  to  the  Con- 
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stitution,  By-Laws  and  Rules  of  the  Society.  He  must  refer  to 
at  least  five  Members  or  Associates  to  whom  he  is  personally 
known. 

B  2.  Applications  for  membership  from  Engineers  who  are 
not  resident  in  the  United  States  or  Canada,  and  who  may  be 
so  situated  as  not  to  be  personally  knoAvn  to  live  Members  of  the 
Society,  as  required  in  the  foregoing  paragraph,  may  be  recom- 
mended for  ballot  by  five  members  of  the  Council,  after  sufficient 
evidence  has  been  secured  to  show  that  in  their  opinion  the  appli- 
cant is  worthy  of  admission  to  the  grade  which  he  seeks. 

B  3.  A  candidate  for  admission  to  the  Society  as  a  Junior 
must  make  application  in  the  same  manner  as  provided  for  Mem- 
bers, except  that  he  must  refer  to  not  less  than  three  Members 
or  Associates  to  whom  he  is  personally  known. 

B  4.  References  shall  not  be  required  of  candidates  for  Hon- 
orary Membership. 

B  5.  The  references  for  each  candidate  for  admission  to  the 
Society  shall  be  requested  to  make  a  confidential  communication 
to  the  Membership  Committee,  setting  forth  in  detail  such  in- 
formation, personally  known  to  referee,  as  shall  enable  the 
Council  to  arrive  at  a  proper  estimate  of  the  eligibility  of  the 
candidate  for  admission  to  the  Society. 

ELECTION    OP^    MEMBERS. 

B  6.  The  Secretary  shall  mail  to  each  member  entitled  to 
vote,  at  least  thirty  days  in  advance  of  each  annual  or  semi- 
annual meeting,  a  ballot  stating  the  names  and  the  respective 
grades  of  the  candidates  for  membership  in  the  Society  w^hich 
have  been  approved  by  the  Council,  and  the  time  of  the  closure 
of  voting.  The  voter  shall  prepare  his  ballot  by  crossing  out 
the  names  of  candidates  rejected  by  him,  and  shall  enclose  said  bal- 
lot in  a  sealed  blank  ballot  envelope  which  he  shall  then  enclose  in 
a  second  sealed  outer  enveloi^e  on  which  he  shall,  for  identifica- 
tion, write  his  name  in  ink.  The  ballot  thus  prepared  and  en- 
closed shall  be  mailed  or  delivered  unopened  to  the  Tellers  of 
Election.  The  Secretary  shall  certify  to  the  competency,  and 
the  signature  of  all  voters.  On  the  closure  of  voting,  the  Tellers 
of  Election  shall  first  open  and  destroy  the  outer  envelopes,  and 
shall  then  canvass  the  ballots,  and  certify  the  result  to  the  meet- 
ing of  the  Society. 
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B  7.  The  Tellers  shall  not  receive  any  ballot  after  the  stated 
time  of  the  closure  of  voting.  A  ballot  without  the  endorsement 
of  the  voter,  written  in  ink  on  the  outer  envelope,  is  defective, 
and  shall  be  rejected  by  the  Tellers  of  Election. 

B  8.  The  names  of  those  persons  elected  to  membership,  with 
their  respective  grades,  shall  be  embodied  in  a  written  report, 
signed  by  the  Tellers,  and  presented  to  the  next  meeting  of  the 
Society.  The  President  shall  then  declare  them  duly  elected  to 
membership  in  the  Society.  The  Tellers  may,  through  the 
Secretary,  in  advance  of  any  meeting  advise  each  candidate  of 
the  result  of  the  canvass  of  the  votes  in  his  case.  The  names  of 
applicants  who  are  not  elected  shall  neither  be  announced  nor 
recorded  in  the  Transactions, 

B  0.  The  endorsers  of  an  applicant  who  has  not  been  elected, 
may,  with  his  consent,  present  to  the  Council  a  written  request 
for  a  re  submission  of  his  name  to  ballot.  The  Council  may,  in 
its  discretion,  by  a  three-fourths  vote  of  the  members  present, 
onler  the  name  of  the  applicant  placed  on  the  next  ballot  for 
members. 

B  10.  Election  to  Honorary  Membership  shall  be  by  letter- 
bailoT'  of  tli3  C'Ouncil.  A  notice  of  such  proposed  election  shall 
be  m.iilod  by  the  Secretary  to  eacli  member  of  the  Council  at 
least  sixty  days  in  advance  of  the  (hite  set  for  the  closure  of 
such  election. 

B  11.  Each  person  elected  to  membership,  except  an  Hon- 
orary ^f ember,  must  subscribe  to  the  Constitution,  By-Laws  and 
Rules  of  the  Society,  and  pay  tlie  initiation  fee  before  he  can 
receive  a  certificate  of  membership  in  the  Society. 

ELECTION    OF   OFFICKRS. 

B  12.  The  Secretary  shall  mail  to  each  member  entitled  to 
vote,  at  least  thirty  days  before  the  Annual  Meeting,  the  names 
of  the  candidates  for  office  proposed  for  election  by  the  Nom- 
inating Committee. 

B  V^.  The  names  of  the  candidates  ])roposed  by  the  Nom- 
inatin*^  (^ommittee  or  Committees,  and  tlie  respective  offices  for 
whi'.'h  they  are  candidates,  shall  be  printed  in  separate  lists  on 
the  samo  ballot  sheet,  each  list  of  candidates  to  be  printed  under 
the  namrs  of  the  members  of  the  particular  committee  which 
proposed  it. 
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B  14.  The  name  of  any  candidate  on  the  ballot  may  be 
erased,  and  the  name  of  any  person  qualified  to  hold  the  oflBce 
written  in  its  stead.  The  ballot  thus  prepared  must  be  voted  and 
canvassed  in  the  same  manner  as  for  the  election  of  members. 

B  15.  At  the  first  session  of  the  Annual  Meeting,  the 
Tellers  of  Election  of  Oificers  shall  canvass  the  votes  cast  for 
the  officers  of  the  Society  in  the  manner  prescribed  for  the  elec- 
tion of  members,  and  immediately  report  the  result  of  the  can- 
vass to  the  meeting.  Tlie  President  shall  then  announce  the 
candidates  having  the  greatest  number  of  votes  for  their  respec- 
tive offices,  and  declare  them  elected  for  the  ensuing  year. 

B  16.  In  case  of  a  tie  in  the  vote  for  any  officer,  the  Presi- 
dent or,  in  his  absence,  the  Presiding  Officer  shall  cast  the  decid- 
ing vote. 

B  17.  A  ballot  Avhich  contains  more  names  marked  by  a  cross 
on  it  than  there  are  officers  to  be  elected,  is  thereby  defective, 
and  shall  be  rejected  by  the  Tellers. 


FEES   AND   DUES. 

B  18.  The  initiation  fee  and  annual  dues  of  the  first  year 
shall  be  due  and  payable  on  notice  of  election  to  membership, 
and  upon  that  payment  the  member  will  be  entitled  to  the  Trans- 
actions for  the  year.  Thereafter  the  annual  dues  shall  be  due 
and  payable  on  the  first  day  of  October  in  each  year. 

B  19.  A  member  in  arrears  for  one  year  sliall  not  be  entitled 
to  vote  until  such  arrears  have  been  paid.  Should  the  right  to 
vote  be  questioned,  the  books  of  the  Society  shall  be  conclusive 
evidence. 

B  20.  The  Secretary  shall  present  to  the  Council  the  name  of 
any  Member,  Associate  or  Junior  in  arrears  for  more  than  one 
year,  and  such  member  shall  not  receive  the  Transactions  MXiliX 
such  arrears  are  fully  paid.  A  person  dropped  from  the  rolls 
for  non-payment  of  dues  may,  in  the  discretion  of  the  Council, 
be  restored  to  the  privileges  of  membership,  upon  payment  of 
all  arrears. 

FINANCIAL    ADMINISTRATION. 

B  21.  The  Council  at  its  first  meeting  in  each  fiscal  year, 
shall  consider  the  recommendations  of  the  Finance  Committee 
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concerning  the  expenditure  necessary  for  the  work  of  the  Society 
during  that  year.  The  apportioning  of  the  work  of  the  Society 
among  the  various  Standing  and  other  Coniinittees  shall  be  on 
a  basis  approved  by  the  Council  and  in  harmony  with  the  Con- 
stitution and  By-Laws.  The  appropriations  approved  by  the 
Council,  or  so  much  thereof  as  may  be  required  for  the  work  of 
the  Society,  shall  be  expended  by  the  various  Committees  of  the 
Society,  and  all  bills  against  the  Society  for  such  expenditure 
shall  be  certified  by  the  Committee  making  the  expenditure  and 
shall  then  be  sent  to  the  Finance  Committee  for  audit.  Money 
shall  not  be  paid  out  by  any  officer  or  employee  of  the  Society 
except  i\\K>n  bills  duly  audited  by  the  Finance  Committee,  or  by 
resolution  of  the  Council. 

COMMITTEES. 

B  22.  The  President  within  one  month  after  the  Annual 
fleeting  shall  fill  all  vacancies  in  the  Standing  Committees  by 
a[)pointment  from  the  membership  of  the  Society. 

Each  of  the  Standing  and  the  Annual  Committees,  shall,  at 
their  tii*st  meeting  after  the  Annual  Meeting,  elect  a  Chairman 
to  serve  for  one  year.  The  President  shall  appoint  the  Chair- 
man of  each  Professional  Committee.  A  member  of  a  Standing 
Committee  whose  term  of  ofRce  has  expired,  shall  continue  to 
serve  until  his  successor  shall  have  been  appointed. 

FINANCE    COMMirrEE. 

B  23.  The  Finance  Committee  shall  consist  of  five  Members 
or  Associates.  The  term  of  office  of  one  member  of  the  Com- 
mittee shall  expire  at  the  end  of  each  Annual  Meeting.  This 
Committee  shall,  in  the  discretion  of  the  Council,  have  a  super- 
vision of  the  financial  affairs  of  the  Society,  including  the 
books  of  account.  The  Committee  may  cause  the  accounts  of 
the  Society  to  be  audited  and  approved  annually  by  a  chartered 
or  other  competent  public  accountant.  The  Committee  shall 
hold  monthly  meetings  for  the  audit  of  bills  and  such  other  busi- 
ness as  shall  come  before  it  and  shall  deliver  to  the  Secretary  for 
prescntiition  to  the  Council  at  the  end  of  each  fiscal  year,  a  re- 
port of  the  financial  condition  of  the  Society  for  the  past  year, 
and  also  shall  present  therewith  a  detailed  estimate  of  the  prob- 
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able  income  and  expenditure  of  the  Society  for  the  following 
twelve  months.  It  shall  make  recommendations  to  the  Council 
as  to  investments,  and,  when  called  upon  by  the  Council,  advise 
upon  financial  questions. 

COMMITTEE   ON   MEETIN(JS. 

B  24.  The  Committee  on  Meetings  shall  consist  of  five  per- 
sons who  may  be  members  of  any  grade.  The  term  of  office  of 
one  member  of  the  Committee  shall  expire  at  the  end  of  each 
Annual  Meeting.  It  shall  be  the  duty  of  the  Committee  to  pro- 
cure professional  papers,  to  pass  upon  their  suitability  for  pres- 
entation, and  to  suggest  topical  subjects  for  discussion  at  the 
meetings.  The  Committee  may  refer  any  paper  presented  to 
the  Society  to  a  person  or  persons,  especially  qualified  by  the- 
oretical knowledge  or  practical  experience,  for  their  suggestions 
or  opinions  as  to  the  suitability  of  the  paper  for  presentation. 
Papers  from  non-members  shall  not  be  accepted  except  by  unan- 
imous vote  of  the  Committee. 

The  Committee  shall  arrange  the  programme  of  each  meeting 
of  the  Society,  and  shall  have  general  charge  of  the  entertain- 
ments to  be  provided  for  the  members  and  guests  at  each  meet- 
ing. It  shall  prohibit  the  distribution  or  exhibition  at  the  head- 
quarters or  at  the  meeting  places  of  the  Society  of  all  advertising 
circulars,  pamphlets  or  samples  of  commercial  apparatus  or 
machinery.  At  the  end  of  each  fiscal  year,  the  Committee  shall 
deliver  to  the  Secretary  for  presentation  to  the  Council,  a  de- 
tailed report  of  its  work. 

PUBLICATION    COMMITTEE. 

B  25.  The  Publication  Committee  shall  consist  of  five  Mem- 
bers or  Associates.  The  term  of  office  of  one  member  shall  ex- 
pire at  the  end  of  each  Annual  Meeting.  The  Committee  shall 
review  all  papers  and  discussions  which  have  been  presented  at 
the  meetings,  and  shall  decide  what  papers  or  discussions,  or 
parts  of  the  same,  shall  be  printed  in  the  Ti^ansactiom  of  the 
Society.  The  Committee  will  be  expected  to  publish  all  such 
data  as  will  be  of  assistance  to  engineers  or  investigators  in  their 
work.  At  the  end  of  each  fiscal  year,  the  Committee  shall 
deliver  to  the  Secretary  for  presentation  to  the  Council,  a  de- 
tailed report  of  its  work. 
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MEMBERSHIP    COMMITTEE. 

B  2G.  The  Membership  Committee  shall  consist  of  five  Mem- 
bers or  Associates.  The  term  of  office  of  one  member  of  the 
Committee  sliall  expire  at  the  end  of  each  Annual  Meeting.  It 
shall  be  the  duty  of  this  Committee: 

To  meet  monthly  to  receive  and  scrutinize  all  appli- 
cations for  membership  to  the  Society. 
To  send  to  each  voting  member  the  name,  qualifica- 
tions, engineering  experience  and  references  of 
each  applicant,  together  with  extracts  from  the 
Constitution  and  By-Laws  relating  to  member- 
ship. 
To  seek  further  information  as  to  the  qualifications 
of  an  applicant,  whose  evidence  of  eligibility  is 
not  clear  to  the  Committee. 
To  report  to  each  session  of  the  Council  the  names 
of  all  applicants  under  consideration  together 
with  the  action  of  the  Committee  on  each. 
The  Committee  shall  at  once  destroy  all  correspondence  in 
n^lation  to  each  applicant  when  his  name  has  been  placed  on  the 
ballot  by  order  of  the  Council,  or  upon  the  withdrawal  of  the 
application. 

LIBRARY    COMMITTEE. 

B  27.  The  Library  Committee  shall  consist  of  five  Members, 
Associates  or  Juniors.  The  term  of  office  of  one  member  of  the 
Committee  shall  expire  at  the  end  of  each  Annual  Meeting.  It 
shall  be  the  duty  of  the  Library  Committee  to  take  charge  of 
the  Library  of  the  Society,  the  historical  relics,  the  paintings 
antl  objects  of  art,  and  to  recommend  to  the  Council  suitable 
regulations  for  their  care  and  use.  At  the  end  of  each  fiscal 
year,  the  Committee  shall  deliver  to  the  Secretary,  a  detailed 
rei)ort  of  its  work. 

HOUSE    COMMITTEE. 

B  2S.  The  House  Committee  sliall  consist  of  five  Members, 
Associates  or  Juuioi^s.  The  term  of  oHice  of  one  member  of  the 
('<mimittee  shall  expire  at  the  end  of  each  Annual  Meeting.  It 
shall  be  the  duty  of  the  House  Committee  to  have  the  care, 
management  and  maintenance  of  the  house  of  the  Society  and 
its  furnishings.     They  may  make  rules  for  the  care  and  the  use 
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of  the  Society  House,  subject  to  the  approval  of  the  Council. 
At  the  end  of  each  fiscal  year,  the  Committee  shall  deliver  to 
the  Secretary  a  detailed  report  of  its  work. 

EXECUTIVE    COMMITTEE. 

B  29.  The  Council  shall  appoint  from  its  members  an  Execu- 
tive Committee  to  act  for  the  Council  during  the  interval  between 
its  sessions.  The  Committee  shall  make  a  report  of  its  acts  to 
each  session  of  the  Council  for  approval.  The  Secretary  may 
take  part  in  the  deliberations  of  the  Executive  Committee,  but 
shall  not  have  a  vote  therein. 

NOMINATING    COMMITTEES. 

B  30.  A  Nominating  Committee  of  five  Members,  not  mem- 
bers of  the  Council,  shall  be  appointed  by  the  President  within 
three  months  after  he  assumes  office.  It  shall  be  the  duty  of 
this  Committee  to  send  to  the  Secretary  on  or  before  October 
first  the  names  of  consenting  nominees  for  the  elective  offices 
next  falling  vacant  under  the  Constitution.  Upon  the  request 
of  any  Member  or  Associate,  the  Secretary  shall  furnish  to  the 
applicant  the  names  of  such  nominees. 

B  31.  A  special  Nominating  Committee  if  organized,  shall, 
on  or  before  October  twentieth,  present  to  the  Secretary  the 
names  of  the  candidates  nominated  by  it  for  the  elective  offices 
next  falling  vacant  under  the  Constitution,  together  with  the 
written  consent  of  each. 

JOHN    FRITZ    MEDAL    COMMITTEE. 

B  32.  The  John  Fritz  Medal  Committee  shall  consist  of  three 
persons  of  the  grade  of  Member,  to  be  appointed  by  the  Council. 
The  terjii  of  office  of  one  member  of  this  Committee  shall  expire 
at  the  end  of  each  annual  meeting.  The  dut}'-  of  this  Committee 
shall  be  to  represent  the  Society  in  the  Board  of  Trustees  of  the 
John  Fritz  Medal  Fund  Corporation. 

REPRESENTATIVE    DELEGATES. 

B  33.  The  Council  may  in  its  discretion  appoint  a  member 
or  members  of  the  Society  or  other  person  or  persons  to  repre- 
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sent  it  at  meetings  of  Societies  of  kindred  aim  or  at  public 
functions.  Such  delegates  shall  be  designated  as  ''  Honorary 
Vice-Presidents,"  and  their  duties  shall  terminate  with  the  occa- 
sion for  which  they  were  appointed. 

TELLERS. 

B  34.  The  Presiding  Officer  shall,  at  the  first  session  of  the 
Annual  Meeting,  appoint  three  Tellers  of  Election  of  officers, 
whose  duties  shall  be  to  canvass  the  votes  cast,  and  report  the 
result  to  the  meeting.  Their  term  of  office  shall  terminate 
when  their  report  of  the  canvass  is  presented  to  the  meeting. 

B  35.  The  President  within  one  month  after  assuming  office 
shall  appoint  three  Tellers  of  Election  of  members  to  serve  for 
one  year,  whose  duties  shall  be  to  canvass  the  votes  cast  for 
members  during  the  year,  and  to  certify  the  same  to  the  Presi- 
dent. They  shall  notify  candidates  through  the  Secretary  of 
the  result  of  such  election. 

B  30.  The  President  shall  appoint  three  Tellers  to  canvass 
any  letter-ballots  which  shall  be  ordered  by  the  Council  or  by 
the  Society. 

MEETINGS. 

B  37.  The  meetings  of  the  Society  shall  continue  from  day 
to  day  as  the  meeting  may  decide.  The  business  session  of  the 
Annual  Meeting  shall  be  held  on  Wednesday  following  the  first 
Tuesday  of  December.  The  professional  sessions  for  the  reading 
of  i)apers  shall  be  held  at  such  times  and  places  as  the  meeting 
may  appoint.  Notices  of  all  meetings  of  the  Society  shall  be 
mailed  by  the  Secretary  to  members  of  all  grades  not  less  than 
thirty  days  before  the  date  of  such  meeting. 

SECRETARY. 

B  3S.  The  Secretary  of  the  Society  shall  be  the  Secretary  to 
the  Council  and  also  to  each  of  the  Standing  Committees. 

The  Secretary  shall,  under  the  supervision  of  the  Finance 
Committee,  have  charge  of  the  Books  of  Account  of  the  Society. 

He  shall  make  and  collect  all  bills  against  members  or  others. 

He  sliall  have  charge  of  all  bills  against  the  Society,  shall 
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keep  an  axjcoiint  of  the  same,  and  shall  present  them  m  proper 
form  to  the  Finance  Committee  for  audit. 

All  funds  received  by  any  person  for  the  Society,  shall  be  de- 
livered to  the  Secretary.  He  shall  immediately  enter  them  in 
the  Books  of  Account,  and  shall  immediately  deposit  such  funds 
as  he  receives,  to  the  credit  of  the  Society,  in  a  Bank  to  be  des- 
ignated by  the  Council. 

TREASURER. 

B  30.  The  Treasurer  shall  make  payments  only  on  the  audit 
of  the  Finance  Committee,  or  upon  the  direction  of  the  Council, 
by  resolution  of  that  body.  He  shall  furnish  a  bond  for  the 
faithful  performance  of  his  duties  to  such  amount  as  the  Council 
may  require,  such  bond  to  be  procured  from  an  incorporated 
Guarantee  Company,  at  the  expense  of  the  Society. 

TITLES,    EMBLEMS,    CERTIFICATE. 

B  40.  Each  Member  and  Associate  shall,  subject  to  such  rules 
as  the  Council  may  establisli,  be  entitled  on  request,  to  a  certifi- 
cate of  membership,  signed  by  the  President  and  Secretary  of 
the  Society.  Every  such  certificate  shall  remain  the  property 
of  the  Society,  and  shall  be  returned  to  it  on  demand  of  the 
Council. 

B  41.     Each  proxy  authorizing  a  person  to  vote  for  an  absent 
member,  shall  be  signed  by  such  absent  member,  with  an  attest- 
ing witness,  and  be  submitted  to  the  Secretary  for  verification 
,  of  the  member's  right  to  vote  at  the  meeting  at  which  the  right 
is  to  be  exercised. 

B  42.  The  emblem  of  each  grade  of  membership  approved 
by  the  Council  shall  be  worn  by  those  only  who  belong  to  that 
grade.  The  official  stationary  shall  be  used  only  by  Officers 
and  Committees  of  the  Society. 

B  43.  The  abbreviation  of  the  titles  of  the  various  grades  of 
membership  approved  by  the  Society  are  as  follows: 

For  Honorary  Members,     .     .  Hon.  Mem.  Am.  Soc.  M.  E. 

For  Members, Mem.  Am.  Soc.  M.  E. 

For  Associates, Assoc.  Am.  Soc.  M.  E. 

For  Juniors, Jun.  Am.  Soc.  M.  E. 
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EULES. 

R  1.  The  Secretary's  office  shall  bo  open  on  business  days 
from  9  A.M.  to  5.30  p.m.  During  the  Annual  Meeting,  the  office 
shall  be  open  from  9  a.m.  to  10  p.m.  A  register  shall  be  kept 
for  each  regular  meeting,  to  record  the  attendance  of  members 
and  guests. 

H  2.  The  Secretary  shall  provide  a  numbered  badge  or  pin 
for  each  member  op  guest  attending  the  regular  meetings^  the 
number  on  the  badges  to  correspond  with  the  member's  of 
guest's  number  on  the  register. 

R  3.  Tlio  Secretary  shall  at  each  regular  meeting  of  the  So- 
cletv  distribute  at  the  headquarters  a  printed  list  of  the  names 
registered  at  the  meeting. 

II  4.  Copies  of  papers  to  be  read  and  discussed  at  any  meet- 
ing shall  be  sent  to  each  member  thirty  days  in  advance  of  that 
meeting.  A  paper  received  too  late  for  such  distributipn  shall 
only  be  accepted  for  presentation  at  that  meeting  by  unanimous 
consent  of  the  Committee  on  Meetings.  A  blank  shall  accom- 
piiny  the  papers  by  which  a  member  may  sigiufy  his  intention 
to  discuss  any  of  the  papers,  and  priority  in  debate  shall  be  given 
in  the  order  of  the  receipt  by  the  Secretary  of  such  notification. 

R  5.  At  i)rofessional  sessions,  each  paper  shall  be  read  by 
abstract  only,  ten  minutes  being  allowed  to  the  author  for  the 
presentation,  unless  otherwise  ordered  by  the  meeting. 

R  ♦).  A  member  who  has  given  notice  of  his  intention  to  dis- 
cuss a  p:iper,  and  shall  have  reduced  his  discussion  to  writing, 
shall  be  entitled  t;^  ten  minutes  for  its  presentation, 

R  7.  Each  speaker  shall  be  limited  to  five  minutes  in  the  oral 
discussion  of  a  paper,  unless  the  time  should  bo  extended  by 
unanimous  consent.  A  member  who  has  once  had  the  floor 
c^nnnot  claim  it  again  until  all  the  others  have  been  heard  who 
<lesire  to  s[)oak  on  that  paper.  Authors  may  have  five  minutes 
U)  close  the  discussion  on  the  paper. 

R  S.  ^[embers  Ufuible  to  attend  the  meeting  may  send  a  dis- 
cussion of  any  paper  in  writing,  to  be  presented  by  the  Sec- 

R  9.  The  Committee  cm  ^feetings  shall  deliver  to  the  Secre- 
tary such  pai>ers  as  they  recommend  for  presentation  to  the 
pn)ft^()nal  meetings  of  the  Society. 
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R  10.  The  Secretary  shall  have  sole  possession  of  papers  and 
illustrations  between  the  time  of  their  approval  by  the  Commit- 
tee on  Meetings,  and  their  presentation  to  the  professional  session 
of  the  Society. 

R  11.  After  the  presentation  and  discussion  of  a  paper,  a 
copy  of  both  shall  be  sent  to  the  author,  and,  so  far  as  possible, 
a  copy  of  the  reported  discussion  shall  be  sent  to  each  member 
who  presented  it,  with  the  request  that  he  correct  errors  or 
omissions,  and  return  the  same  ])romptly  to  the  Secretary. 

R 12.  Members  may  order  reprints  of  papers  at  a  price  suffi- 
cient to  cover  the  cost  to  the  Society,  provided  that  said  copies 
are  not  for  sale. 

R  13.  The  Secretary  may  furnish  to  the  author  twenty  copies 
of  his  paper  without  charge.  He  may  also  furnish  to  the  tech- 
nical press  such  papers  in  advance  of  the  meeting  as  they  may 
wish  to  publish  after  presentation  to  the  meeting  of  Society. 

R.  14.  The  entertainments  to  be  provided  for  the  members 
and  guests  at  any  meeting  of  this  Society  in  any  city  shall  be  in 
charge  of  a  Local  Committee,  subject,  however,  to  the  general 
approval  of  the  Committee  on  Meetings. 

R  15.  A  member  jnay  invite  a  non-member  to  the  profes- 
sional sessions  of  the  meeting,  but  the  guest  shall  not  take  part 
in  the  proceedings  without  an  invitation  from  the  Presiding 
Officer.  Invitations  to  guests  of  members  for  the  entertain- 
ments provided  for  the  Society  shall  be  in  the  discretion  of  the 
Local  Committee. 

R  16.  The  Society  House  shall  be  open  at  all  hours  for  access 
to  members.  The  Library  shall  bo  open  on  all  week  days  be- 
tween the  hours  of  10  o'clock  a.m.  and  10  o'clock  p.m.  It  shall 
be  conducted  as  a  Free  Public  Reference  Library  of  Engineering 
and  the  Allied  Arts  and  Sciences. 

R  17.  Juniors  who  were  elected  to  membership  in  the  Society 
six  years  or  more  previous  to  the  adoption  of  this  Constitution, 
shall  pay  the  same  dues  as  an  Associate,  beginning  with  the 
fiscal  year  which  opens  after  such  adoption.  Juniors,  who  have 
been  elected  less  than  six  years  l)efore  that  date,  shall  pay  the 
dues  of  an  Associate  on  the  expiration  of  six  years  after  their 
election. 
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NEW  YORK  MEETING 


HELD  ON  DECEMBER  5,  G,  7  AND  8,  1905, 
BEING  THE  ANNUAL  MEETING  AND  THE 
FIFTY-SECOND  MEETING  OF  THE  SOCIETY 


So.  1095 

PROCEEDINGS  OF  THE 
NEW    YORK    MEETING 

The  twenty-sixth  annual  meeting  of  the  Society  was  held  in  the 
city  of  New  York  on  the  first  Tuesday  of  December,  1905,  as 
required  by  the  Constitution  of  the  Society.  The  increasing 
growth  of  the  Society  membership  and  the  attendant  increase  in 
the  numbers  present  at  its  annual  meeting,  has  made  it  uncom- 
fortable in  the  auditorium  of  the  Society  and  its  parlors,  so  that 
no  attempt  was  made  to  have  the  convention  center  at  the  Society 
House  at  No.  12  West  Thirty-first  Street. 

The  Committee  on  Meetings  therefore  were  greatly  pleased  to 
accept  a  courteous  invitation  from  the  officers  of  the  New  York 
Kdison  Company  for  the  Society  to  make  use  of  its  auditorium  and 
reading  room  as  meeting  place  and  headquarters  for  the  conven- 
tion. These  rooms  are  located  at  No.  44  West  Twenty-seventh 
Street  on  the  third  and  fourth  stories  of  the  converting  station  for 
that  district  The  auditorium  will  hold  comfortably  over  four 
hundred,  and  the  room  below  was  a  most  convenient  and  com- 
fortabh^  headquarters'  area.  All  the  details  of  registration  and 
serving  of  the  luncheons  were  provided  for  on  the  third  floor  and 
the  f>rofo8sional  sessions  were  on  the  fourth  floor  with  the  exception 
of  the  scission  on  Wednesday  morning.  The  auditorium  was  most 
attractively  lighted  and  decorated  with  ])alms  and  festoons  of 
greenery. 

At  the  side  of  the  platform  the  meml)ers  of  the  engineering  and 
executive  staff  of  the  New  York  Edison  Company,  who  are  mem- 
bers of  the  S(K*iety,  had  united  in  having  ])repared  and  presented 
to  the  S<KMety  a  monogram  in  colored  electric  lights,  the  product 
of  one  of  the  most  successful  firms  engaged  in  this  form  of  con- 
struction. 
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First  Session.     Tuesday  Evening,  December  5th. 

The  opening  session  was  held  on  Tuesday  evening,  December 
5  th,  and  was  devoted  to  the  address  of  Mr.  John  R.  Freeman, 
President  of  the  Society,  in  which  he  discussed  with  great  fulness 
the  ReUations  of  the  Engineer  to  the  Problem  of  Fire  Protection 
in  Theaters.  Mr.  Freeman's  address  appears  as  one  of  the  papers 
of  the  meeting. 

At  the  close  of  the  President's  address  the  Secretary  made  some 
announcements  with  respect  to  the  business  before  the  meeting 
during  the  convention  period,  and  notified  the  members  of  the 
courteous  action  of  the  Engineers'  Club  of  Central  Pennsylvania 
at  Ilarrisburg,  in  inviting  members  of  the  Society  to  be  its  guests 
in  the  attractive  club  house  in  that  city  when  their  business  should 
bring  them  within  reach  of  it. 

The  invitation  from  the  American  Society  of  Civil  Engineers 
was  also  presented,  whereby  the  Board  of  Direction  of  that  body 
invited  members  of  the  Society  to  attend  the  professional  meet- 
ings as  they  should  occur  during  the  winter,  and  to  use  the  library 
of  the  Society  under  the  same  privileges  as  were  extended  to  their 
ovra  members. 

A  light  collation  was  served  at  the  end  of  the  meeting. 


Second  Session.      Wednesday  Morning^  December  6th, 

10.30  o'clock. 

The  second  session  of  the  annual  meeting  is  by  appointment  of 
the  Constitution  the  Business  Session.  It  was  held  in  the  dining 
saloon  of  the  steamship  Amerika,  of  the  Hamburg-American  Line, 
who  had  invited  the  Society  to  be  the  guests  of  the  Company  and 
inspect  the  engineering  and  other  features  of  the  steamer  as  it 
lay  at  its  pier.  The  Society  was  welcomed  by  Mr.  Emil  Boas, 
General  Manager  of  the  New  York  office  of  the  Company.  His 
address  was  historical,  showing  the  development  in  trans-Atlantic 
transportation  in  fifty  years,  and  particularly  in  the  interval 
spanned  by  the  preceding  twenty  years. 

During  and  after  the  session  the  opportunity  to  inspect  the  ship 
and  its  motive  power  department,  were  freely  availed  of  by  a 
very  large  number. 
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The  registration  of  members  and  their  guests  in  attendance  at 
the  annual  meeting  was  far  in  excess  of  any  previous  meeting  of 
the  Society.  There  were  over  1,300  enrolled,  of  which  700  were 
members  and  600  guests.  The  presence  of  this  large  number  added 
greatly  to  the  interest  and  social  opportunity  during  the  convention 
days. 

The  first  order  of  business  of  the  meeting  was  the  presentation 
of  the  Report  of  the  Council,  which  had  already  been  printed  and 
distributed  by  mail  to  all  members,  and  was  presented  by  the  Sec- 
retary for  record,  as  follows : 

ANNUAL   REPORT   OF   THE   COUNCIL. 

Under  the  provisions  of  the  Constitution  the  Council  of  the 
Society  presents  to  the  annual  meeting  a  report  of  the  business 
which  has  been  under  consideration  during  the  year,  together  with 
the  various  reports  from  standing  committees. 

The  amount  of  real  and  personal  property  o^vned  by  the  Society 
and  the  property  acquired  during  the  year,  the  amount  applied, 
appropriated,  or  expended  and  the  purposes  and  objects  for  which 
such  expenditures  have  been  made,  will  be  found  in  the  report  of 
the  Finance  Committee,  duly  certified  by  the  Audit  Company  of 
Xew  York. 

The  Council  has  received  and  considered  a  report  giving  the 
names  and  residences  of  those  who  have  been  admitted  to  member- 
ship in  the  Society  since  the  last  annual  report,  up  to  and  including 
September  30th,  and  submits  an  abstract  from  this  full  report  to 
be  entered  in  the  minutes  of  the  ])roceedings  of  the  annual  meeting. 
The  Council  has  held  six  meetings  during  the  year.  For  special 
duties  the  following  appointments  under  the  provision  of  the  By- 
Laws  and  to  meet  special  needs  have  been  made : 

On  the  John  Fritz  Medal  Committee — Mr.  John  E.  Sweet  to 
serve  for  five  years.  Representatives  of  the  Society  on  the  Com- 
mittee on  the  Engineering  Buihling — Mr.  »Tames  M.  Dodge, 
fMiarles  Wallace  Tlunt  and  F.  R.  llutton.  Messrs.  Ambrose 
Swasey,  F.  R.  Towne  and  11.  II.  Suplee,  a  conference  committee 
to  sit  with  appointees  of  the  two  other  engineering  societies  who 
are  to  take  part  in  building  up  the  library  in  the  Engineering 
]:$uilding.  Messrs.  C.  TI.  Benjamin  and  R.  II.  Fernald  to  repre- 
sent the  Society  as  Honorary  Vice-Presidents  at  the  installation  of 
President  James  of  the  University  of  Illinois. 
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Mr.  Charles  H.  Haswell,  the  first  incumbent  of  the  office  of 
Engineer  in  Chief  of  the  United  States  Navy,  now  in  his  ninety- 
sixth  year,  was  elected  Honorary  Member  of  the  Society. 

From  Mr.  E.  R.  Archer,  of  Tredegar  Iron  Works  of  Richmond, 
Va.,  was  received  the  following  letter  with  its  accompanying  gift: 

''It  has  occurred  to  me  that  in  connection  with  the  life  and  work  done  for  the 
Engineering  Profession  by  that  eminent  engineer,  John  Ericsson,  whose  portrait 
hangs  on  the  wall  of  the  Society  Hall,  our  members  would  appreciate  having 
a  contribution  to  our  historical  collection,  as  a  connecting  link  with  his  life, 
the  piece  of  armor  plate  I  send  by  express  to-day. 

The  plate  was  cut  from  the  turret  of  the  Monitor  Montaukf  one  of  the  monitors 
built  from  the  designs  of  John  Ericsson  during  the  Civil  War  in  1862.  You 
will  observe  that  the  indentation  made  by  the  shot  of  the  (Confederate  gun  plainly 
shows  that  at  that  time  there  were  no  guns  sufficiently  powerful  to  penetrate 
this  armor  plate,  but  with  the  modem  guns  of  to-day  the  shot  would  have  passed 
through  as  easily  as  if  made  of  tissue  paper. 

It  is  interesting  to  know  that  this  monitor  was  struck  ninety-five  (95)  times 
in  the  various  actions  in  which  she  was  engaged  without  serious  damage  during 
the  Civil  War,  at  Charleston  and  elsewhere. 

I  have  recalled  a  part  of  the  past  history  of  this  invulnerable  giant  in  war, 
and  now  it  may  be  proper  to  state  that  after  many  years  of  battle  we  who  fought 
and  tried  to  destroy  are  virtually  converting  this  monitor  into  'plough  shares 
and  pruning  hooks'  and  other  useful  materials  for  the  benefit  of  mankind. 
With  compliments  of  the  season,  I  remain. 
Yours  very  truly, 

(Signed)     E.  B.  Archer." 

From  Mr.  Charles  H.  Oberge  has  been  received,  through  Mr.  H. 
11.  Suplee,  an  example  of  the  Nystrom  Calculating  Machine  for 
the  Society's  historical  collection. 

From  the  Institution  of  Mechanical  Engineers  of  Great  Britain 
has  been  received  a  handsome  illuminated  address  expressing  from 
that  body  their  thanks  and  recognition  for  the  courtesies  enjoyed 
at  the  hands  of  the  Society  during  the  successful  joint  meeting  of 
the  two  societies  in  1904. 

Suitable  letters  of  thanks  have  been  transmitted  in  every  case 
to  the  donors. 

The  Society  has  been  asked  to  co-operate  in  the  commemoration 
of  the  One  Hundredth  Anniversary  of  the  first  successful  trip  of 
Fulton's  Clermont  on  the  waters  surrounding  New  York,  and 
also  in  the  commemoration  of  the  Two  Hundredth  Anniversary  of 
the  birth  of  Benjamin  Franklin. 

Messrs.  George  W.  Melville  and  Chas.  H.  Loring  have  been  ap- 
pointed to  sit  in  conference  in  relation  to  the  Fulton  celebration, 
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and  Mr.  H.  H.  Suplee  in  connection  with  the  Franklin  Institute 
celebration. 

The  Committee  consisting  of  Messrs.  K.  H.  Femald,  M.  L.  Hol- 
man  and  W.  H.  Bryan,  intrusted  with  providing  and  operating  a 
headquarters  for  the  Society  in  the  Machinery  Building  of  the  St. 
Louis  Purchase  Exposition,  reported  the  consummation  of  their 
duties  with  the  close  of  the  exposition  and  their  opinion  that  while 
perhaps  the  maintenance  of  such  headquarters  at  former  exposi- 
tions might  have  been  worth  while,  it  was  their  opinion  from  the 
conditions  at  St  Louis  that  it  would  not  be  advisable  to  repeat  the 
experiment  at  subsequent  expositions.  The  expense  of  this  under- 
taking is  reported  in  the  financial  statement 

The  Council  has  approved  the  By-Laws  submitted  to  it  for  its 
conmient,  from  the  Trustees  of  United  Engineering  Society,  which 
is  the  corporation  created  under  the  laws  of  the  State  of  New  York 
to  hold  and  administer  the  building,  the  gift  of  Mr.  Carnegie  for 
the  uses  of  the  engineering  societies  and  the  profession.  The 
Council  has  also  approved  the  form  of  agreement  between  the 
Trustees  of  this  holding  corporation  and  the  American  Society  of 
Mechanical  Engineers,  and  directed  its  President  and  Secretary  to 
execute  the  necessary  papers  required  by  this  arrangement  and 
affix  the  seal  of  the  Society  to  these  documents. 

The  Trustees  executed  in  January  the  mortgage  for  the  real 
estate,  covering  $541,000,  and  in  July  the  contract  for  the  con- 
struction of  the  building  whose  plans  had  been  under  advisement 
for  two  years.  At  the  date  of  the  preparation  of  this  report  the 
foundation  piers  are  in  an  advanced  state. 

The  Council  has  had  under  advisement,  on  behalf  of  the  Library 
Association,  the  question  of  the  sale  of  the  Society  house  at  No.  12 
West  Thirty-first  Street  Acting  under  competent  advice  from 
real  estate  experts  offers  of  $115,000  have  been  refused,  and  the 
price  set  upon  the  property  at  this  time  is  $125,000. 

The  Council  has  given  careful  consideration  to  the  provision  of 
Article  C52  of  its  Constitution,  giving  authority  to  organize  sec- 
tions or  groups.  After  full  discussion  of  the  questions  brought  up 
by  this  authorization  it  approved  the  following  rules  for  the  organ- 
ization and  conduct  of  such  sections : 

1.  A  SectioD  of  the  Society  shall  consist  exclusively  of  Honorary  Members, 
Members,  Associates  and  Juniors  of  the  American  Society  of  Mechanical  En- 
^ueefB. 

2.  A  SeotioQ  of  the  American  Society  of  Mechanical  Engineers  may,  with 
the  approval  of  the  Council,  be  oiganised  in  any  city  having  not  less  than  twenty- 
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five  Members,  Associates  and  Juniors  resident  within  a  radius  of  fifty  miles. 
After  the  name  of  the  Section  adopted  by  the  members  may  be  added  the  words, 
"Section  of  the  American  Society  of  Mechanical  Engineers." 

3.  Each  Section  shall  be  regularly  organized  with  a  Board  of  Trustees  to  be 
annually  elected  by  the  membership  of  the  Section.  The  Board  of  Trustees 
shall  annually  elect  a  President,  a  Secretary,  and  a  Treasurer  from  the  members 
of  the  Board. 

4.  The  management  and  financial  responsibility  shall  rest  entirely  with  the 
Section.  The  American  Society  of  Mechanical  Engineers  assumes  no  responsi- 
bility for  any  act  of  the  Section,' but  will  require  evidence  that  the  Section  will 
be  self-supporting.  The  Section  shall  hold  not  less  than  six  professional  meet- 
ings during  each  year.  Papers  brought  before  the  Section  must  be  in  writing 
or  stenographically  reported. 

5.  The  Secretary  of  the  Section  shall  promptly  furnish  to  the  American  Society 
of  Mechanical  Engineers  a  copy  of  all  papers  presented  to  the  Section,  together 
with  the  discussion  thereon.  The  American  Society  of  Mechanical  Engineers 
may  present  and  read  at  its  professional  meetings  or  publish  in  its  Transcictuma 
any  paper  or  discussion  it  may  select. 

6.  The  Section  shall  not  furnish  papers  or  discussions  to  the  public  or  technical 
press,  until  the  American  Society  of  Mechanical  Engineers  shall  have  first  decided 
not  to  have  it  presented  at  its  professional  meeting  or  published  in  its  Trans- 
actions, 

7.  The  Council  of  the  American  Society  of  Mechanical  Engineers  may,  at 
sixty  days*  notice,  suspend  or  disband  any  Section.  The  title  "Section  of  the 
American  Society  of  Mechanical  Engineers"  shall  not  be  used  by  any  Society 
or  persons  without  the  consent  of  the  American  Society  of  Mechanical  Engineers. 

8.  The  American  Society  of  Mechanical  Engineers  will  furnish  to  its  Sections 
copies  of  its  professional  papers  to  be  read  and  discussed  at  the  stated  meetings 
of  the  Sections. 

9.  The  American  Society  of  Mechanical  Engineers  will  print  for  the  Section, 
at  cost,  such  papers  and  discussions  as  the  latter  may  order. 

10.  The  Section  shall  not  approve  or  adopt  any  commercial  enterprise,  device 
or  standard. 

On  recommendation  of  the  Finance  Committee  the  Council  has 
approved  the  appointment  of  a  "Cashier  in  the  office  of  the  Society 
who  shall  be  intrusted  with  the  duty  under  direction  of  the  Secre- 
tary and  the  Finance  Committee,  of  making  the  disbursements 
approved  by  the  Finance  Committee  on  the  order  of  its  Chairman. 
This  cashier  has  been  placed  under  $5,000  bond,  and  the  Treasurer, 
instead  of  drawing  every  individual  check  as  under  the  old  system, 
draws  on  the  order  of  the  Finance  Committee  a  single  check  cover- 
ing the  total  of  disbursements  to  be  made  to  the  Cashier's  order, 
who  thereupon  makes  the  individual  payments  to  the  creditors  of 
the  Society. 

On  the  recommendation  of  the  Committee  on  Membership  a 
form  of  application  blank  has  been  approved  by  the  Council  callinq: 
for  a  more  detailed  statement  of  professional  achievements  from 
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candidates,  and  the  work  actually  accomplished  in  the  positions 
which  such  candidates  have  held.  This  new  blank  will  be  dis- 
tributed to  all  members  with  the  Year  BooTc  for  1906. 

The  Council  has  made  the  Society  a  member  of  the  National 
Fire  Protection  Association,  which  gives  to  the  individual  members 
of  the  Society  a  right  to  attend  the  conventions  of  this  body  for 
the  discussion  of  matters  relating  to  fire  protection. 

Messrs.  Ira  II.  Woolson  and  John  R.  Freeman  have  been  dele- 
gated to  represent  the  Society  officially  at  these  meetings. 

By  vote  of  the  Council  the  city  of  Chattanooga,  Tenn.,  has  been 
selected  as  the  place  for  the  spring  meeting  of  1906. 

Under  the  direction  of  the  Council  and  with  the  special  co-opera- 
tion of  the  President  of  the  Society  four  reunions  of  members  of 
the  Society,  resident  within  convenient  distances  of  New  York 
City,  were  held  on  the  last  Tuesdays  of  the  months  of  January, 
February,  March  and  April.  The  speakers  on  these  evenings  were 
Messrs.  Rear-Admiral  George  W.  ^[elville,  "  Epochs  in  Marine 
Engineering  " ;  Worcester  R.  Warner  and  Prof.  Wm.  II.  Burr, 
'^  The  Conditions  at  Panama  and  the  Reasons  for  a  Sea  Level 
Canal";  Dr.  Howard  T.  Barnes,  "Formation  of  Anchor  Ice 
iind  Precise  Temperature  Measurements";  Gus  C.  Henning, 
*•  Diamonds  and  Diamond  Tools." 

Under  the  provision  of  Article  31  of  the  Constitution,  the 
(\nincil  presents  the  following  list  of  those  elected  to  membership 
•  luring  the  fiscal  year  1904-5 : 


Abbott,  Chas.  Carroll, 

I^ttsfield,  Mass. 
Abbott.  Fred'k  Bancroft, 

Kmporia,  Kansas. 
.\mcA,  CJeo.  Pxlgar, 

Ix>wcll,  Mass. 
\iwtin,  William  F., 

Ix>ng     Island     City, 
N.  Y. 
tliuley,  Fr©d  Wesley  C, 

rincinnati,  Ohio. 
I  iaker.  I  Hrkerson  Gregory, 

Ilion.  N.  Y. 
li&ldwin,  ('.  Kemhle, 

New  York,  N.  Y. 
HaHtcr,  Clarence  M., 

I>otroit.  Mich. 
Baunh,  William  H., 

Springfield,  Mass. 


MEMBERS 

Bennett,  (leorge  Lewis, 

Philadelphia,  Pa. 
Bentley,  Ernest  W., 

Pittsburg.  Pa. 
Bigelow,  Charles  H., 

Dallas,  Texas. 
Bigelow,  Myron  Julius, 

Stanford,  Conn. 
Branch,  Joseph  Gemld, 

St.  Ix)uis,  Mo. 
Browning,  Charles.  Jr., 

Sacramento,  Cal. 
Burleigh,  Chas.  Hates, 

Boston,  Miuss. 
Burleigh,  Wm.  Freeman. 

Newark,  N.  J. 
Carlsson,  Carl  A.  V., 

Franklin,  Pa. 
Carroll,    Alexander    Win- 
chester, 

Chrome,  N.  J. 


Catt,  Geo.  Wm., 

New  York,  N.  Y. 
Champion,  Harry  W., 

Phiiiidelpliia,  Pa. 
Chickcring,  Kenton, 

Oil  City.  Pa. 
Clemens,  (yhas.  Wm., 

Birdsboro,  Pa. 
Coleman.  Edgar  Park, 

Buffalo,  N.  Y. 
Crabtree,  Frederick  Her- 
lx»rt, 

Anaconda,  Mont. 
Crocker,  Allen  Swift, 

Kochcstor,  N.  Y. 
Cummiiigs,  Wm.   Warren, 

Wohum,  Miias. 
Davidson,  Chas.  Jackson, 

Milwaukee,  Wis. 
Dean,  Edmund  Willard. 

Dover,  N.  H. 
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Deuel,  Harry  Austin, 

Pueblo,  Colo. 
Diefendorf,  WiUis  H., 

Syracuse,  N.  Y. 
Diman,  Geo.  Henry, 

Lawrence,  Mass. 
Eckart,  W.  R.,  Jr., 

Palo  Alto,  CaL 
Elliott,  Thomas, 

Cincinnati,  O. 
Estrada,  Rafael, 

Guavabal,  Cuba. 
Ferris,  Charles  Edward, 

Knoxville,  Tenn. 
Fischer,  Adalbert, 

PhUadelphia,  Pa. 
Fowler,  Freci  Newton, 

Springfield,  Mass. 
Fox,  John  Herbert, 

Qeveland,  O. 
Franks,  FredHc  Benjamin, 

Bath,  Pa. 
Fry,  Lawford  Howard, 

Philadelphia,  Pa. 
Fry,  Thomas  W., 

Claremont,  N.  H. 
Gardner,  Horace  C, 

Chicago,  111. 
Gebhardt,  George  F., 

Chicago,  111. 
Gooding,  Chas.  S., 

Boston^  Mass. 
Gowie,  William, 

Williamson      School 
P.    O.,    Delaware 
Co.,  Pa. 
Green,  Morris  M., 

Detroit,  Mich. 
Hale,  Herbert  Carlton, 

Mineral  Ridge,  O. 
Hall,  Frederick  Allows, 

New  York,  N.  Y. 
Harriman,   Norman   Fol- 
lett, 

Omaha,  Neb. 
Hart,  Frederick, 

Poughkeepsie,  N.  Y. 
Hedemann,  Christian  J., 

Honolulu,  Hawaii. 
Hequembourg,       Charles 
Guy, 

NatchcaL  Miss. 
Horton,  S.  Ellsworth, 

Windsor  Locks,Conn. 
Hubert,  Herman, 

Lie^,  Belgium. 
Hussy,  Wm.  Edgerly, 

New  York,  N.Y. 
Jackson,  Charles  J., 

Plainfield,  N.  J. 
Jacobs,  Henry  William, 

Topeka,  Kansas. 


Johnson,  Paul  Franklin, 

Milwaukee,  Wis. 
Just,  George  A., 

-  New  York,  N.  Y. 
Kahn,  Julius, 

Detroit,  Mich. 
Kenerson,  Wm.  Herbert, 

Providence,  R.  I. 
Klinck,  John  Henry, 

Pittsburg,  Pa. 
Kunhardt,  Lewis  Henry, 

Boston,  Mass. 
Leach,  Wm.  Henry,  Jr., 

Bridgeport,  Ct. 
Leland,  Wm.  Emmons, 

San  Francisco,  Cal. 
Long,  Jeremiah  Charles, 

Boston,  Mass. 
Mc Arthur,  Alonzo  Wm., 

Chicago,  111. 
McCrickett,  Thomas  F., 

Detroit,  Mich. 
Maltby,  Geo.  Beecker, 

Cleveland,  O. 
Marshall,  Ernest  Woods, 

New  York,  N.  Y. 
Martin,  FredTc  Sheldon, 

Brooklyn,  N.  Y. 
Matlack,  EUwood  V., 

St.  Louis,  Mo. 
Maxfield,  Howard  H., 

Trenton,  N.  J. 
Mohun,  John  L., 

Trenton,  N.  J. 
Montague,  Chas.  Dwi^t, 

Cold    Springs,    Put- 
nam Co.,  N.  Y. 
Moore,  FredTc  Clouston, 

Auburn,  N.  Y. 
Moyer,  H.  C, 

Coatesville,  Pa. 
Naylor,  Charles  William, 

Chicago,  111. 
Nettleton,     William    Al- 
pheus, 

St.  Louis,  Mo. 
Newton,  Charles  C, 

Philadelphia,  Pa. 
Norris,  Wm.  H., 

Philadelphia,  Pa. 
Nunn,  Paul  N., 

Niagara  Falls,  N.  Y. 
Ord,  Henry  C, 

Milwaukee,  Wis. 
Parker,  John  C, 

Philadelphia,  Pa. 
Perrigo,  Oscar  Eugene, 

Boston,  Mass. 
Perrine,  Frederic  A.  C, 

New  York,  N.  Y. 
Pingree,  Edwin  Daniel, 

Providence,  R.  I. 


Prince,  Walter  F., 

Harrison,  N.  J. 
Rapley,  Freder'k  Harvey 

New  York,  N.  Y. 
Rathbun,  Geo.  Jay, 

Toledo,  O. 
Raymond,  Alfred, 

New  Orleans,  La. 
Richart,  Fred  W., 

Carterville,  III. 
Roberts,  Edmund  W., 

Clyde,  O. 
Robinson,  James  R., 

Monongahela,  Pa. 
Roper,  Norman  Brownell, 

Cananea,        Sonora, 
Mexico. 
Ruggles,  Wm.  Barker, 
T^ew  York,  N.  Y. 
Rust,  William  F., 

Joliet,  III. 
Schlesinger,  Geoige, 

Charlottenburg,  Ber- 
lin, Germany. 
Sherrerd,  John  Maxell, 

High  Bridge,  N.  J. 
Shipman,  Robert  Lee, 

Ithaca,  N.  Y. 
Starr,  John  Edwin, 

New  York,  N.  Y. 
Stebbins,  Albert  C, 

Plainfield,  N.  J. 
Tait,  Roderick  H., 

St.  Louis,  Mo. 
Thullen,  L.  H., 

Edgewood  Park,  Pa. 
Town,  Frederic  Edw., 

New  York,  N.  Y. 
Trinks,  Chas.  Leopold  W., 

Pittsburg,  Pa. 
Tucker,  FranSk  Stevenson, 

E.  Newark,  N.  J. 
Wait,  Henry  Heileman, 

Chicago,  111. 
Wallace,  Ross  S., 

Peoria,  111. 
Wells,  Geoige  Augustus, 

New  York,  N.  Y. 
Whiton,  Lucius  Erskine, 

New  London,  Ct. 
Williston,  Belvin  Thomas, 

Boston,  Mass. 
Wilmerding,  Chas.  Henry, 

Chicago,  111. 
Wilson,  Birton  N., 

Fayetteville,  Ark. 
Zimmerman,  Oliver  B., 

Milwaukee,  Wis. 
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Beny,  Edgar  Henry, 

Ilion,  N.  Y. 
Breckenridge,  C.  £., 

San  Francisco,  Cal. 
Bridge,  James  Weldon, 

Connellsville,  Pa. 
Bronaugh,  Will  Logan, 

Chicago,  lU. 
Caracristi,  Viivinius  Z., 

Granite,  Va. 
Carrier,  Willis  Haviland, 

Buffalo,  N.  Y. 
Chisholm,  John  James, 

NewYoric,N.Y. 
Clark,  Edward  Lord, 

Boston,  Mass. 
Elinstein,  Alfred  Charles, 

St.  Louis,  Mo. 
Flinn,  Charles  Forrest, 

Chicago,  m. 
Gatdy,  Philip  J., 

New  Yoric,  N.  Y. 
Gray,  John  Lamont, 

Williamstown,     Vic- 
toria, Austndia. 
HUl,  Robt.  J., 

Chicago,  111. 
Hogan,  Patrick  Henry, 

Boston,  Mass. 


ASSOCIATES. 

Hume,  William  H., 

Chattanooga,  Tenn. 
Jahncke,  Ernest  Lee, 

New  Orleans,  La. 
Jurgensen,  Jess  Christian. 

New  York,  N.  Y. 
Kreutzberg,  Otto  August, 

Chicago,  111. 
Little,  Chas.  Henry, 

Cleveland,  O. 
McArthur,  Harold, 

Cleveland,  O. 
Mac  Arthur,  Robert,  Jr., 

New  Haven,  Conn. 
Moin&n,  Lewis  Henry, 

Ridgway,  Pa. 
Ostrander,  Allen  Edward, 

New  York,  N.  Y. 
Polk,  Wm.  Anderson, 

New  York,  N.  Y. 
Price,  Melvin, 

Lincoln,  Neb. 
Prince,  John  Walter, 

Harrison,  N.  J. 
Rawson,  Louis  W., 

Worcester,  Mass. 
Ray,  David  H., 

New  York,  N.  Y. 
Rutherford,  Eugene  W., 

Brooklyn,  N.  Y. 


Sanders,  Lewis. 

West  Lynn,  Mass. 
Schneller,  Geo.  Otto, 

Ansonia,  Conn. 
Schumaker,  John  Staub- 
ley, 

Ansonia,  Ct. 
Serrell,  Harold, 

New  York,  N.  Y. 
Smith,  Geo.  Marshall, 

Pittsburg,  Pa. 
Stehlin,  Joseph, 

New  York,  N.  Y. 
Stevens,  Jesse  F., 

Boston,  Mass. 
Traver,  Wilber  H., 

Chicago,  111. 
Vandemoer,  John, 

Denver,  Colo. 
Von  Ammon,  Siegfried, 

London,  W.  C.,  Eng- 
land. 
Wilder,  Stuart, 

Ossining,  N.  Y. 
Wile,  Julius  I., 

Rochester,  N.  Y. 
Willh6fft,  Friedrich  Otto, 

Potsdam,  N.  Y. 
Wilson,  Victor  Tyson, 

Urbana,  III. 


AUen,  F.  Ramsey, 

New  Yoric,  N.  Y. 
Allen.  Walter  Cleveland, 

Stamford,  Conn. 
Alsberg,  Julius, 

New  Yoric,  N.  Y. 
Ancona,  John  F., 

Proctor.  Vt. 
Austin,  Adolph  Odell, 

New  Yoric,  N.  Y. 
Bacon,  Charies  James, 

New  Yoric.  N.  Y. 
Barnes,  Chas.  Ballou, 

Milwaukee,  Wis.' 
Barstow,  Francis  Loring, 

Mittineague,  Mass. 
Baylis,  Arthur  Raymond, 

New  Yoric,  N.  Y. 
Beach,  Harold  Kenney, 

Ansonia,  Conn. 
Been,  Peter  H., 

Milwaukee,  Wis. 
Bibbins,  James  Rowland, 

E.  Pittsburg,  Pa. 
Bomholt,  Oscar, 

Chicago,  III 


JUNIORS. 

Bradshaw,  Grant  D., 

Joliet,  III. 
Brooks,  Paul  Raymond, 

New  York,  N.  Y. 
Buckler,    Albert    Ham- 
mond, 

East  Pittsburg,  Pa. 
Church,  Herbert  B., 

Bloomfield,  N.  J. 
Cole,  Arthur  W., 

Orono,  Me. 
Comlv,  G.  Norwood, 

Syracuse,  N.  Y. 
Cook,  Thos.  Fowke, 

New  York,  N.  Y. 
Cooke,  Saint  Geo.  Henry, 

Philadelphia,  Pa. 
Corp,  Charles  I., 

Lawrence,  Kansas. 
Cox,  Frank  Gardner, 

London,  K.  C,  Eng- 
land. 
Cushman,  Arthur  Wesley, 

Brightwood,  Mass. 
Dawley,  Clarence  A., 

Easton,  Pa. 


Dixon,  Horace  H., 

Chicago,  111. 
Douglas,  (5)urtney  Carlos, 

Schenectady,  N.  Y. 
Earle,  Samuel  Broadus, 

Clemson  College,  So. 
Ca. 
Eberhardt,  Elmer  Gould, 

Newark,  N.  J. 
Enslen,  Eugene  Flynn,  Jr., 

New  York,  N.  Y. 
Fleming,  Wills  Maine, 

Hmyoke,  Mass. 
Garza- Aldape,  J.  M., 

Torreon,  Coah.,  Mex. 
Green,  Charles  Henry, 

St.  Louis,  Mo. 
Griffiths,  Ix»onard  L., 

Brooklyn,  N.  Y. 
Hainilton,  Kdwanl  Water- 
man, 

Oakville.  a. 
Hamilton,  Thoiniks  Smith, 

Louisville.  Ky. 
Haney,  James  Hnegs, 

Washington,  D.  C. 
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Harkins,  Robert  R., 

Pittsburg,  Pa. 
Harlan,  Orla  K., 

Schenectady,  N.  Y. 
Harrison,  Edwin  Sterne, 

New  York,  N.  Y. 
Hawks,  Arthur  Steams, 

E.  Pittsburg,  Pa. 
Helvey,  Clarence  Harman, 

Cnicago,  111. 
Helvev,  Geo.  Stanley, 

Hamilton,  O. 
Hirshfeld,  Clarence  Floyd, 

Ithaca,  N.  Y. 
Holmes,  Arthur, 

Syracuse,  N.  Y. 
Holmes,  Andrew  A., 

Reading,  Pa. 
Home,  Convers  Francis, 

New  York,  N.  Y. 
Hunting,  Eugene  Nathan, 

Pittsbuijg,  Pa. 
Hurley,  Daniel, 

Harrison,  N.  J. 
Hutchins,  Harry  Crocker, 

Brooklyn,  N.  Y. 
Jackson,  Roscoe  B., 

Lansing,  Mich. 
Jones,  Daniel  Lanning, 

Ampere,  N.  J. 
Keith,  Robert  R., 

Milwaukee,  Wis. 
Keith,  Thomas, 

New  York,  N.  Y. 
Kent,  Robert  Thurston, 

Cleveland,  Ohio. 
Kingsbury,  Ralph  E., 

Cincinnati,  O. 
Kneip,  Walter  Francis, 

Ypsilanti,  Mich. 
Lang,  Charles, 

New  York,  N.  Y. 


LathroDyWilliam  Frederic, 

Milwaukee,  Wis. 
Leutwiler,  Oscar  A., 

Champaign,  111. 
Lockwood,  Rutherford  T., 

Bayonne,  N.  J. 
Lucas,  Henry  Van  Noye, 
Jr., 

Huntington,  W.  Va. 
Lyman,  Elihu  Root, 

Chicago,  111. 
McBain,  Wm.  Coryell, 

Youngstown,  Ohio. 
McGregor,  Alex.  Grant, 

Anaconda,  Mont. 
McMeans,  O.  E., 

Indianapolis,  Ind. 
Marsh,  Thomas  Alfred, 

Mansfield,  Ohio. 
Meaker,  Guy  Lamed, 

Chicago,  111. 
Morrison,  James, 

Cincinnati,  O. 
Murphy,  Benj.  Stewart, 

Altoona,  Pa. 
Murphy,  Edw.  Thos., 

New  York,  N.  Y. 
Murrie,  John  Lester, 

New  York,  N.  Y. 
Myers,  Curtis  Clark, 

Syracuse,  N.  Y. 
Newell,  Charles  Z., 

New  York,  N.  Y. 
Northrup,  Francis  B., 

New  York,  N.  Y. 
Northrup,  Lewis  Mulford, 

Hudson,  N.  Y. 
Owen,  Ira  June, 

Chicago,  111. 
Palmer,  Virgil  Maro, 

Hagerstown,    Mary- 
land. 


Pedersen,  Henrik  Greger, 

Milwaukee,  Wis. 
Phetteplace,  Thurston  M. , 

Providence,  R.  I. 
Proctor,  Redfield,  Jr., 

Proctor,  Vt. 
Ranch,  John  Dodds, 

LogansDort,  Ind. 
Schneider,  Paul  E., 

New  York,  N.  Y. 
Sherbume,  Kenneth, 

West  Lynn,  Mass. 
Shiebler,  Marvin, 

New  York,  N.  Y. 
Smith,  Ellis  Burton, 

Jersey  City,  N.  J. 
Smith,  Roy  Brooke, 

Columbus,  Ohio. 
Stratton,  Harry  Frost, 

Tiffin,  Ohio. 
Thum,  Theodore, 

Yokohama,  Japan. 
Titcomb,  Roland  Elbert, 

Johnstown,  Pa. 
Trautschold,  Reginald, 

Montclair,  N.  J. 
Valentine,  Warren  P., 

Plainfield,  N.  J. 
Weeks,  Paul, 

Philadelphia,  Pa. 
Weymouth,  Clarence  R., 

San  Francisco,  Cal. 
Wheeler,  Seth,  Jr., 

Wyandotte,  Mich. 
Whipple,  Wm., 

Cinclare,  La. 
Winger,  Stanley  D., 

Columbus,  O. 
Wolff,  Herbert  Wm., 

St.  Louis,  Mo. 
Wyer,  Samuel  S., 

Columbus,  O. 


Losses  by  death  from  the  membership  during  the  current  year 
have  been  as  follows : 

Chas.  L.  Bailey,  James  T.  Boyd,  Theo.  F.  Burgdorff,  R.  G. 
Collins,  Geo.  E.  Dixon,  Carl  F.  Eicks,  Andrew  Fletcher,  G.  W. 
Frank,  G.  A.  Gray,  R.  C.  Greer,  Wm.  A.  Ileywood,  13.  T.  [Mat- 
lack,  T.  R.  Morgan,  Wm.  O.  Mimdy,  E.  H.  Parks,  Geo.  H.  Per- 
kins, Francis  Reuleaux,  William  Sellers,  Fred.  W.  Taylor,  Jr., 
Wm.  G.  Vernon,  C.  IT.  Wellman,  C.  M.  Wilkes,  H.  F.  Witte, 
Horace  W.  Wyman. 

The  council  would  call  particular  attention  to  the  reports  of  its 
standing  committees  whicli  appear  as  api>endices  herewith. 
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APPENDIX   1. 

REPORT  OF  THE  FINANCE  CX)MMITTEE. 

The  Finance  Committee  presents  the  following  report  to  the  Council. 
The  Committee  submits  the  financial  statements  hereto  appended,  which  have 
been  prepared  by  the  accountant  of  the  Society,  and  submitted  to  the  Audit 
Company  of  New  York  for  scrutiny  and  audit.    Their  report  is  appended.    The 
Financial  Statements  include: 

Sheet  A,  a  Statement  of  Cash  Account,  Receipts  and  Disbursements. 
Sheet  B,  a  Statement  of  Income  and  Expenditure. 
Sheet  C,  a  Balance  Sheet  of  Assets  and  Liabilities. 

Sheet  D,  a  Tabular  Statement  of  Changes  in  these  Assets  and  Liabilities  as 
compared  with  the  condition  September  30,  1904. 

The  Committee  submits  abo  a  Sheet  of  estimated  receipts  and  expenditures 
for  the  coming  year,  1905-6,  based  on  the  assumption  that  no  important  changes 
are  made  in  the  direction  or  extent  of  expenditure  for  the  coming  year  as  com- 
pared u-ith  the  year  which  has  closed.  This  estimate  is  designated  as  Sheet  E. 
The  table  below  will  show  clearly  the  net  gain  for  the  fiscal  year  1904-5  which 
has  just  closed  with  respect  to  the  Income  and  Expense  Accounts  of  the  two 
years.  At  September  30,  1904,  the  Income  and  Expense  Accounts  showed  that 
the  expenses  had  exceeded  the  income  for  the  year  1903-4  by  $2,005.17, 
whereas  for  the  year  1904—5  the  income  has  exceeded  the  expenses  by  $1,450.61, 
making  the  net  gain  on  income  and  expense  for  the  year  ending  September 
30,  1905,  the  sum  of  these  two  amounts  or  $3,455.78,  which  represents  the  total 
gain  for  the  year.  As  clearly  shown  in  the  table  below,  the  net  gain  in  income 
for  the  year  1904-5  was  $1,094.43,  while  the  net  gain  due  to  decreased  expense 
was  $2,361.35,  the  sum  of  which  two  amounts  equals  the  total  net  gain  for  the 
ycAT  1904-5,  i.e.  $3,455.78.  In  connection  with  the  gains  through  decrease  in 
expenses  the  principal  gain  on  the  House  Account  has  been  in  the  matter 
of  Repairs  and  Renewals  which  cost,  for  1903-4,  $1,561.30,  while  for  the  year 
just  ended,  1904-5,  their  cost  was  but  $625.53.  In  connection  with  the  net 
gain  through  decrease  of  expense  for  meetings,  the  principal  gain  is  in 
tlie  cost  of  the  Spring  Meeting,  as  the  Spring  Meeting  of  1904  cost  $1,305.39, 
whereas  the  Spring  Meeting  of  the  year  1904-5  cost  $597,  the  decreased  expense 
being  due  to  the  fact  that  the  Spring  Meeting  for  the  year  1904-5  was  held  nearer 
New  York  and  was  not  as  largely  attended  as  the  one  for  1903-4,  which  latter 
meeting  was  the  Joint  Meeting  of  the  Institution  of  Mechanical  Engineers  of 
Cjrcat  Britain  and  this  Society,  the  expense  in  connection  with  which  was  un- 
tijiiially  heavy. 

FC7l.tB8t  year  the  inventory  value  of  the  stock  of  Transactions  showed  a  decrease 
of  $614.02,  whereas  this  year  the  inventory  of  September  30,  1905,  showed  an 
increase  of  $1,112.68.  This  is  due  to  the  fact  that  a  new  edition  of  Volume 
24  was  [issued  this  year  which  increased  the  value  of  the  stock  of  Trans- 
actions on  hand  at  the  end  of  the  year.  Under  ordinary  conditions  the  inventory 
at  the  end  of  a  year  will  naturally  show  a  loss  over  that  at  tlie  end  of  the  previous 
year. 
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Table  Showing  Net  Gain,  1904-5. 

Income  and  Expense. 

Income.  1903-4  1904-5  Gain 

Gross  Income $41,520  73    $42,615  16    $1,094  43 

Gross  Expense 43,525  90      41,164  55      2,361  35 

Total  Gain  1904-5  over  1903-4 ....  $3,455  78 


That  is— 

Excess  Expense  over  Income 2,005  17  2,005  17 

Excess  Income  over  Expense 1,450  61       1,450  61 

Total  Gain  1904-5  over  1903-4 ....  $3,455  78 

The  make  up  of  this  Gain  is  as  follows: 

Income         Income  Net 

Increase       Decrease         Gain 

Dues  Income,  1904-5 $1,993  01 

initiation  Fee,  1904-5 17  00 

Other  Sources: 

Decrease  in  Sales  and  Rentals $2,069  44 

Less  Increase  Stock  Transactions  on  hand, 
due  to  new  edition  of  Volume  XXIV 
at  cost  price 1,112  68 

$956  76 
Less  Increase  in  Miscellaneous  Income. ...  41  18 

$2,010  01  $915  58— $1,094  43 

Expenditure  Expenditure 
Expense.  Increase       Decrease 

Publications,  including  new  edition  Vol- 
ume XXIV $148  34 

House,  Total  Expense 904  28 

Meetings,  Annual,  Spring  and  Monthly  ...  821  96 

Miscellaneous,  Certificates,  Cards,  Expert 

Fees,  etc.,  etc 274  60 

Office  Expenses,  Salaries,  Year  Books,  and 

Catalogue  and  Circulars $175  05 

Library,  Total  Expense 226  80 

Stock  Transactions,  Increase  in  Inventory 

value  dve  to  new  edition  Vol.  XXIV  .  614  02 

$401  85      $2,763  20— $2,361  35 

Total  Gain  1904-5  over  1903-4  as  shown  above $3,455  78 
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The  Committee  would  call  especial  attention  to  the  itemized  Statement  of  the 
Libnuy  Development  Fmid,  the  Reserve  Fund,  the  Trust  Funds,  and  the 
George  W.  Weeks  Legacy  Fund  as  shown  under  Liabilities  in  the  Combined 
Balance  Sheet  (Sheet  C),  and  also  to  the  footnotes  at  the  bottom  of  the 
Tabular  Statement  (Sheet  D),  and  in  the  remarks  on  same  which  follow  that 
sheet  which  refer  to  the  accumulation  which  has  been  made  to  these  funds 
during  the  three  last  years,  from  which  it  will  be  seen  that  a  total  asset  of  $7,- 
009.48  has  been  created  by  cash  deposited  in  Savings  Banks,  offsetting  the 
total  liability  of  the  same  amount  to  these  funds,  in  addition  to  which  there 
has  been  a  cash  investment  from  the  Reserve  Fund,  Initiation  Fees,  of  $7,971.11 
in  the  new  Engineering  Building.  This  showing  has  been  made  possible  largely 
by  the  great  number  of  new  members  elected  and  the  initiation  fees  and  dues 
received  from  them. 

The  Committee  would  submit  also  computations  which  have   been  deduced 
from  the  accounts  of  the  current  fiscal  year,  as  follows: 
(1)  Total  members  as  per  July,  1905,  cata- 
logue     2,915 

Add  new  members  who  have  paid  since 

then 9—2,924 

Deduct  for  members  who  have  paid  no 

dues;  Life  Members 109 

Honorary  Members 20 

Deaths   and   resignations,   without   pay-^ 

ment 8 

Lapsed  memberships. 58 

Members   who    have    not    paid    current 

year  at  September  30,  1905. 202—    397 

Paying  membership,  1904-5 2,527 

(2)  Total  income  exclusive  of  1  per  cent,  from  dues 

carried  to  Library  Development  Fund,  90 
per  cent,  from  initiation  fees,  entire  life  mem- 
bership receipts,  carried  to  Reserve  Fund, 
and  entire  Sinking  and  Fellowship  Fund,  sub- 
scriptions to  Mechanical  Engineers'  Library 
Association $42,615  16 

Income  per  paying  member  (computed) 16  86 

Income  per  paying  member,  from  dues  only 

(computed) 14  «« 

(3)  Total  expense  incurred  year  October  1,  1904,  to 

September  30,1905,  less  cost  operating  house 
($3,768.27),mortgage  interest  ($1,402.50),  re- 
pairs and  renewals  ($625.53),  depreciations 
house  and  furniture  ($427.27)— $34,940.48: 

(4)  Total  expense  incurred  for  publications,  October 

1,  1904,  to  September  30,  1905 14,770  88 

(5)  Total  expense  incurred  for  salaries  in  Society's 

office  same  period 10,200  00 

(6)  Total  expense  incurred  for  all  other  accounts  ex- 

cept house. 9.969  60— $34,940  48 


48  PfiOOEBDINGS    OF    THE 

Brought  forward $34,940  48 

(7)  Total  expense  incurred  for  house,  including  inter- 

est on  mortgage,  repairs  and  renewals  and 

depreciations 6,224  07 

Deduct  income  earned  from  rent  of  rooms  and 

haU 870  50—    5,353  57 

Net  expense  incurred  for  year  1904-1905. .  $40,294  05 

(Gross  expense,  $41,164.55  less    rental  income 
$870.50,  equals  $40,294.05.) 

Expenses  incurred  per  paying  member ,  October  1,  1904,  to  September  30,  1905: 

(8)  For  all  purposes  including  house $15  94 

(9)  For  house  operation  including  interest  and  repairs 

and  renewals  and  depreciations 211 

(10)  For  all  purposes  exclusive  of  house $13  83 

(11)  For  publications,  printers'  work,  engrav- 

ing, binding  and  distribution $5  85 

(12)  For  salaries  in  Society's  office 4  03 

(13)  For  all  other  expenses  except  house 3  95 —      13  83 

(14)  For  house  operations  exclusive  of  mortgage  inter- 

est, repairs  and  renewals  and  depreciations  . .  1  14 

(15)  For  house  operation  exclusive  of  mortgage  inter- 

est, but  including  repairs,  renewals  and  depre- 
ciations    2  11 

(16)  For  operating  library 46 

(17)  For  Postage,  circulars,  catalogues,  and  stationery 

and  printing  in  Society's  office 2  69 

(18)  For  meetings,  and  all  other  expenses  not  other- 

wise allotted  above 78 

Comparative  income  earned  with  expense  incurred  per  paying  member: 
♦Income  earned  from  all  sources  per  paying  mem- 
ber, per  (2) $16  86 

Income  earned  from  dues  only  per  paying  mem- 
ber, per  (2)  14  88 

(19)  Excess  income  earned  from  all  sources,  per  paying 

member  over  expense  incurred  all  purposes, 

per  paying  member 92 

(20)  Excess  expense  incurred  all  purposes,  per  paying 

member  over  income  earned  from  dues  alone, 

per  paying  member 1  06 

From  the  above  it  would  appear  that  the  Income  from  dues  per  member, 
$14.88,  is  less  tlian  the  expenditure  per  member,  $15.94. 
The  phenomenal  growth  of  the  Society  and  the  unusual  sums  received  from 

*  Ninety-nine  per  cent,  of  does  and  ten  per  cent,  of  Initiation  Fee  receipts  couBidered  as  in- 
come. Receipts  for  Life  Memberships  and  subscriptions  to  Fellowship  and  Sinking  Funds  not 
considered  as  income. 
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initiation  fees  for  the  past  two  years  should  be  noted  in  connection  with  the 
sheets  of  accounts  presented. 

The  net  expenses  which  by  Resolution  of  the  Council  this  Committee 
audits  include  the  salaries  of  the  Secretary  and  of  the  office  staff,  and  the 
expense  for  miscellaneous  accounts  passing  through  the  admimstrative  office 
of  the  Society.  The  elements  of  these  two  channels  of  expense  have  been  as 
follows: 

Total  Appropriation  for  work  of  Finance  Committee  for  the 

fiscal  year  1904-5 $17,755  50 

Total  Net  Expense  for  same  year 17,349  00 

Decrease  Net  Expense  from  Appropriation $406  50 

^  .     .  Detail  of  Expense. 

Salartes: 

Secretary $3,600  00 

Cashier,  Assistant  to  Treasurer  and  Accountant 2,500  00 

Assistant  to  Secretary. 2,000  00 

Stenographer 840  00 

Stenographer. 540  00 

Mail  aerie 720  00 


$10,200  00 


Detail  op  Expense  other  than  Salary.— Finance  Committee. 

AooouNTS.  Net  Expense. 

Certificates  and  Introduction  Cards :  Detail.            Totals. 

Certificates,  including  distribution $234  79 

Cards,  including  distribution 18  84  $253  63 

Distribution  of  badges 39  33               39  33 

Circulars,  printing  and  distribution: 

General 371  51              371  51 

Catalogues: 

Composition,  press  woric  and  paper  and  binding 2,630  34 

Postage  and  distribution 347  41          2,977  75 

Office  Account: 

Stationery  and  printing 564  67 

Postage,  General 641  02 

Telephone,  telegraph  and  messengers 89  13 

Suppliw. 319  04 

Incidentals 231  05           1,844  91 

Interest  on  mortgage 1,402  50           1,402  50 

Lef^  Expenses  and  Expert  Fees: 

liegal  Expenses 00  00 

Expert  Fees 105  00             105  00 

Headquarters,  St.  Louis  Exposition 134  37              134  37 

Coounittee  Woric 20  00               20  00 

Total $7,149  00 
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The  assessment  of  this  Society  for  the  new  Engineering  Building  for  the  fiscal 
year  1904-5  was  $8,000,  but  the  Trustees  of  the  United  Engineering  Society,  the 
holding  Society,  have  approved  of  the  payment  to  each  Founder  Society  of 
interest  at  four  per  cent,  on  the  moneys  it  advances  on  account  of  this  $8,000 
prior  to  July  first,  when  it  was  due ;  in  other  words,  for  an  equalization  of  partial 
payments  this  Society  received  a  credit  by  such  interest  of  $28.89,  making  the 
net  cost  to  the  Society  for  its  assessment  for  the  year  1904-5  $7,971.11,  the  cash 
for  the  payment  of  this  assessment  having  come  from  the  Reserve  Ftmd,  as 
follows: 

Life  Membership $1,311  84 

Initiation  Fees 6,659  27— $7,971  11 

The  Committee  would  also  submit  the  following  Statement  which  shows  clearly 
what  may  be  called  the  expected  income  from  dues,  that  is,  the  income  which 
the  Society  would  have  derived  from  dues  if  all  men  who  were  members  during 
the  year  1904-5,  and  those  elected  during  that  year  had  paid  their  dues  before 
September  30,  1905,  and  the  amount  actually  collected  of  same,  the  amount 
written  off  of  same  and  the  reasons  why  it  was  written  off,  and  the  balance  con- 
sidei^  as  a  good  asset  of  the  arrears  of  dues  for  the  year  1904-5,  i.e,  $2,800.81; 
as  well  as  the  amount  owed  us  by  men  elected  during  the  year  1904-5,  but  who 
have  not  as  yet  paid  either  their  initiation  fees  or  dues,  i.e.  $65. 


Statement  bhowino  Expected  Income  from  Dues  Fiscal  Year  1904-5. 

Amount  that  should  have  been  earned  from  arrears  of 

dues  for  1903-4,  outstanding  and  considered  good 

at  October  1, 1904 $2,882  48 

Amount  that  should  have  been  earned  from  current  dues 

1904-5,  if  all  members  at  October  1,  1904,  all  men 

elected  members  during  the  year  1904-5  had  paid 

their  dues,  and  including  all  men  who  returned  to 

active  membership  from  Suspended  List  in  same 

year 40,195  00 

Total  Expected  Income  from  dues. $43,077  48— $43,077  48 

Actual  Income  from  dues,  fiscal  year  1904-5: 

Arreare  of  dues  (1903-4) $2,052  48 

Current  dues  (1904-5) 36,024  19 

$38,076  67 
Arrears  of  dues  1904-5  at  September  30, 1905,  considered 

as  a  good  asset 2,800  81 

Total $40,877  48 
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Brought  forward 140,877  48 

Dues  written  off: 

Arrears  at  September  30,  1904, 

time  limit  of  payment  exceeded$760  00 
Arrears  at  September  30,  1904, 

deaths  and  resignations 70  00— $830  00 

Current  1904-5  at  September  30, 

1905,  as  time  limit  of  payment 

exceeded 935  00 

Current  ditto,  account,  deaths  and 

resignations 320  00 

Current  ditto,  account,  member 

made  a  Life  Member  by  Council 

without  fee 15  00—1,270  00 

Current   ditto,   members  elected 

who  did  not  pay  up  in  six  montlis                       35  00 
Total  written  off 2,135  00 


51 


$43,012  48 
To  Balance: 

Dues  unpaid  by  members  elected  on  Spring  Ballot 

1905,  at  September  30,  1905 65  00 


$43,077  48— $43,077  48 

A  scrutiny  of  Sheet  D,  Tabular  Statement  of  Changes  in  Assets  and  Liabilities 
will  show  that  the  surplus  at  the  end  of  the  year  1904-5  is  $9,400.44  greater 
than  the  surplus  at  the  end  of  the  fiscal  year  1903-4;  that  is,  that  our  assets 
at  the  end  of  this  year  are  $9,400.44  greater  than  they  were  at  the  end  of  last 
year,  and  the  causes  for  this  increase  are  explained  in  detail  in  the  Remarks 
in  Comment  on  the  Tabular  Statement  of  Changes  in  Assets  and  Liabilities 
which  follows  Sheet  D. 

Respectfully  submitted, 

E.  D.  Meier,  "j 

David  Townsend,  | 

Milton  P.  Higqins,  ^        Finance 

Anson  W.  Burchard,         |        Committee. 

Arthur  M.  Waht. 


APPENDIX   2. 

REPORT  OF  THE  COMMITTEE  ON  MEETINGS. 

Below  will  be  found  a  Statement  showing  the  total  appropriation  by  the 
Council  for  the  work  of  this  Committee  and  the  total  net  expense  for  the  year, 
which  shows  that  the  Committee  has  met  the  expenses  of  the  meetings  for  the 
funi  of  $958.61  less  than  the  appropriation  allotted  therefor  by  the  Council. 
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Total  Appropriation  for  work  of  Meetings  Committee  for  the 

fiscal  year  1904-6 $5,900  00 

Total  Net  Expense  for  same  year 4,941  39 

Decrease  Net  Expense  from  Appropriation $958  68 


Detail  of  Expense. — Meetings  CommtUee. 


Net  Expense. 


AccouNis.  Detail. 
Meetings. 

Monthly $244  33 

Annual 572  07 

Spring 597  00 

Advance  Papers 2,650  27 

Stenographers'  Fees 242  95 

Programs,  Registers,  etc 634  70 


Total. 


Respectfully  submitted, 

Arthur  L.  Williston. 

W.    S.    ACKBmMAN, 

Walter  M.  McFarland, 
Charles  Whiting  Baker, 
Calvin  W.  Rice, 


Total. 


$4,941  32 


Meetings 
Committee. 


APPENDIX  3. 
REPORT  OF  THE  MEMBERSHIP  COMMITTEE. 

The  Membership  Committee  would  report  that  it  has  held  frequent  meetings 
during  the  year  for  the  consideration  of  applications  for  membership  and  has 
received  and  considered  380  such  applications  of  which  it  has  passed  to  ballot 
333  prior  to  September  30,  1905.  The  Statement  below  shows  clearly  not  only 
the  number  of  applications  acted  upon  and  passed  to  ballot  but  the  Income 
which  would  have  been  derived  from  the  men  elected,  provided  all  of  them  had 
paid  up  before  September  30,  1905,  and  also  what  was  actually  received  from 
them  both  for  initiation  fees  and  dues. 


Total  Applications  acted  on  during  1904-5 380 

Applications  Deferred  or  Rejected 47 

Total  Applications  passed  to  ballot  1904-5 333 

Total  men  elected,  including  promotions,  1904-5 332 

Election  Declined , 1 


• 


I 
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Initiation  Fees.  Dubs. 


Total  amoant  due  from  men  elected,  IbcAl  year  1U04-5  . . .  $6,200  00  $3,635  00 

Total  Income— Payments  from  men  elected,  fiscal  year 

lVH-5 $6,02000  $3,530  00 

Amonut  dne  as  from  men  elected  whose  election  was  void 
on  account  of  non-payment  within  time  limit- 
dropped 75  00  4000 

Amount  due  us  and  unpaid  at  September  30, 1906,  from 
men  elected  Spring  ballot  1905— time  limit  not  ex- 
pired   105  00  65  00 

$6,200  00    $6,200  00    $3,635  00    $3,635  00 

Aetna!  Expense  of  election  per  member  elected  1904-5 $2  96 

Actual  Income  per  member  elected  during  the  year  of  his  election— Initiation  Fee 

and  Dues 28  76 

Below  is  a  Statement  showing  the  total  money  appropriated  by  the  Council 
for  the  work  of  this  Committee,  the  total  expense  for  the  year,  which  it  ^^ill  be 
Qoted  was  $116.75  less  than  the  total  appropriation. 

Total  Appropriation  for  work  of  Membership  Committee  for 

fiscal  year  1904-6 $1,100  00 

Total  Net  Expense  for  Admission  Circulars  and  Correspon- 
dence, including  postage  thereon  for  the  fiscal  year  1904-5     983  25 


Decrease  Net  Expense  from  Appropriation $1 16  75 

Respectfully  submitted, 


Francis  H.  Stillman, 
Wilfred  Lewis, 
Ira  H.  Woolson, 
Jesse  M.  Smith, 
Henry  D.  Hibbard, 


Membership 
CommiUee. 


APPENDIX  4. 
REPORT  OF  THE  COMMITTEE  ON  PUBLICATIONS. 

The  Publication  Committee  presents  the  following  report  of  matters  under 
it«  direction. 

At  the  close  of  the  last  fiscal  year  it  was  estimated  that  the  sum  of  $6,610 
would  be  needed  to  complete  Volume  25.  The  amount  actually  required 
to  complete  the  Volume  proved  to  be  $227.28  more  tlian  the  amount  reserved, 
t.€.  $6,837.28,  making  with  the  expense  in  the  previous  year  the  total  cost 
of  Volume  25— $15,146.50.  The  Volume  contained  1,155  pages  and  the  total 
co0t  per  copy  was  $5.04,  the  total  cost  for  Volume  24,  the  Volume  for  the 
previous  year,  having  been  $5.62  per  copy  of  1,563  pages. 

The  expense  for  Volume  26,  the  Volume  for  the  year  1904-5  has  been 
to  date  $7,440.88,  and  it  is  estimated  to  complete  the  Volume  a  sum  will  be 
required  of  approximately  $6,590,  in  which  event  the  total  cost  of  the  Volume 
will  be  about  $14,030. 

T\\e  items  composing  the  expense  incurred  under  direction  of  the  Publica- 
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tion  Committee  are  given  below.  This  total,  however,  does  not  include  the 
cost  of  advance  papers  and  stenographers'  fees,  which  expense  is  in  the  hands 
of  the  Committee  on  Meetings  and  which  is  shown  in  the  detailed  expense  of 
that  Committee  in  their  report. 

Total  Appropriation  for  work  of  Publication  Committee  for 

fiscal  year  1904-5 $14,175  00 

Total  Net  Expense  for  same  year 11,877  66 

Decrease  Net  Expense  from  Appropriation $2,297  34 


Dei'ail  of  Expense.—  Publication  Committee. 


Accounts. 


Net  Expense. 


Transactions:  Detail. 

Revised  Papere $1,274  40 

Engraving 997  89 

Composition  and  electrotyping 4,334  30 

Binding 2,816  40 

Boxing  plates 22  50 

Postage  and  express,  distribution 1,430  45 

Storage  including  insurance 261  72 

♦  New  edition  Volume  XXIV 740  00 


Total. 


Respectfully  submitted, 

George  M.  Basford, 
Henry  Souther, 
C.  J.  H.  Woodbury, 
H  enry  H  a  rrison  Suplee  . 
Walter  H.  Snow, 


Total 


$11,877  66 


Publication 
Committee. 


APPENDIX  5. 

REPORT  OF  THE  HOUSE  COMMITTEE. 

This  Committee  which  is  entrusted  with  directing  the  expense  for  the 
maintenance  of  the  house  of  the  Society,  which  is  its  ofRce  headquarters  also, 
and  which  provides  for  certain  rooms  in  the  upper  floors  at  the  service  of  visit- 
ing members  for  short  stays  in  the  city,  would  submit  the  following  report. 


Total  Appropriation  for  work  of  House  Committee  for  the 

fiscal  year  1904-5 $4,800  00 

Total  Net  Expense  for  same  year 4,554  17 

Decrease  Net  Expense  from  Appropriation $245  83 

*  Made  necessary  by  the  issue  of  an  unusaally  limited  edition  at  the  time  when  close  economy 
was  thought  advisable.    Made  from  the  stereotype  plates. 
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Detail  op  Expense. — House  CommiUee. 

AooouNTs.  Net  Expense. 

House  Account:  Detail.  Totals. 

Gas  and  Electric  Light $725  69 

Fuel 367  70 

Janitor's  Supplies 220  50 

Laundry 407  62 

Insurance 80  30 

Wages. 1,773  00 

Incidentals. 193  4fr—    $3,768  27 

Repairs  and  renewals: 

House. 249  85 

Furniture 375  68—         625  53 

^Additions: 

House. 

Furniture. 160  37—         160  37 

Total $4,554  17 

From  the  above  report  it  will  be  seen  that  the  Committee  has  met  the  expenses 
of  the  year  in  connection  with  the  house  at  a  sum  $245.83  under  the  appropria- 
tion allowed  them  by  the  Council  at  the  first  of  the  year  for  their  work. 

The  income  from  use  of  house  by  members  and  others  has  been  $870.50. 
This  is  less  than  in  previous  years. 

The  Income  and  Expense  Account  for  the  year  clearly  shows  the  expense 
for  the  operation  and  maintenance  of  the  house  and  the  amount  which  has  been 
received  from  room  rent  during  the  year,  and  it  will  be  seen  that  the  net  cost 
of  operating  the  house  for  the  year  exclusive  of  repairs  and  renewals,  deprecia- 
tions and  mortgage  interest-  was  $2,897.77,  whereas  the  cost  inclusive  of  mort- 
gage interest  was  $4,300.27,  and  the  total  expense  including  the  above  and 
repairs  and  renewals  and  depreciations  has  been  $5,353.57. 

The  House  Committee  employs  for  the  conduct  of  the  house  a  janitor  at  $45, 
an  a««istant  janitor  at  $40,  and  a  maid  at  $20,  while  the  house  matron  receives 
$M),  for  her  services,  in  addition  to  which  she  receives  other  compensation  for 
her  services  in  the  Library. 

Respectfully  submitted, 


George  J.  Foran, 
Ralph  L.  Morgan, 
Thomas  R.  Almond, 
John  C.  Kafer, 
J.  Waldo  Smith, 


House 
CommiUee, 


•  Thm  Rzpendlture  for  Additions,  both  House  and  Purnltare,  passe*  through  the  hands  of  this 
CoauniUee.  but  the  net  expense  of  same  is  treated  as  an  increase  of  assets  and  not  as  an  expense 
ihro«ci»  Income  and  Expense  Accoant. 
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APPENDIX  6. 
REPORT  OF  LIBRARY  COMMITTEE. 

The  Library  Committee  presents  the  following  report.  The  Library  has  been 
open  every  day  between  the  hours  of  10  a.m.  and  10  p.m.,  except  Sundays,  Thanks- 
giving, Christmas  and  New  Year,  and  excepting  the  month  of  August,  when  it 
was  closed  for  cleaning  and  overhauling. 

An  average  of  ten  persons  per  day  have  made  use  of  the  Library  during  the 
busy  season  and  about  one-half  this  number  during  the  vacation  period  of  the 
summer  months.  This  makes  a  total  of  between  2,500  and  3,000  visitors  for 
the  year. 

The  use  of  the  Library  during  the  evenings  has  been  particulariy  noteworthy. 

The  number  of  volumes  in  the  Library  September  30,  1905,  is  as  follows: 

Books 9,144 

Pamphlets 4,055 

Maps 33 

The  book  value  of  the  Library  at  the  same  date  is  $12,588.67,  which  b  the 
sum  of  the  valuation  at  the  end  of  the  previous  year's  report,  and  of  additions 
made  during  the  year. 

The  additions  to  the  Library  in  the  form  of  exchanges  which  have  been  re- 
ceived as  the  equivalent  of  the  annual  volume  of  the  Society's  TraruactionSf 
have  amounted  to  $488,  there  have  been  received  through  the  exchange  account 
with  D.  Van  Nostrand  books  to  the  value  of  $160.75,  while  the  Committee  has 
expended  for  the  purchase  of  books  $55.40,  making  the  total  amoimt  expended 
for  additions  to  the  Library  for  the  year  $704.15.  There  has  also  been  an 
expense  of  $287.20  for  binding  periodicals  and  pamphlets  received  in  exchange 
from  other  organizations  or  publishing  agencies.  There  remains  standing  on 
the  Society's  books  a  charge  against  the  publishing  house  of  D.  Van  Nostrand 
Company  for  Transactions  furnished  them  for  which  the  Society  is  to  purchase 
books  from  them  as  required,  amounting  to  $224,  and  with  the  house  of  Spon 
&  Chamberlain  there  is  a  similar  balance  in  our  favor  of  $16.50. 

Below  is  given  a  detailed  Statement  of  the  expense  of  this  Committee  on 
behalf  of  the  Library,  and  the  appropriation  made  by  the  Council  for  the 
year,  from  which  it  will  be  seen  that  the  Committee  has  expended  $336  less  than 
the  original  amount  appropriated  for  its  work. 

Total  Appropriation  for  work  of  Library  Committee  for  the 

fiscal  year  1904-5 $1,657  00 

Total  Net  Expense  for  same  year 1,221  00 

Decrease  Net  Expense  from  Appropriation $336  00 
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Dettail  or  Expense. — Library  CammUtee. 

Accounts.  Net  Expense. 

Library:  Detail.  Total. 

Book  purchase $55  40 

Ebcpenae 278  40 

Salaiy 600  00 

Binding 287  20    —$1,221  00 

Respectfully  submitted, 

Henry  R.  Towne, 

E.  A.  Uehlino,  , .. 

I,  ^-  ^^w"'        cits. 

Fredk.  M.  Whtte, 
Geo.  F.  Swain, 


APPENDIX    7. 

AUDIT  OF  THE  SOCIETY  ACCOUNTS. 

TKe  Finance  Committee  would  report  that  they  have  caused  an  audit  of  the 
books  of  the  Society  to  be  made  for  the  fiscal  year  1904-5  and  selected  the  Audit 
Comp&ny  of  New  Y^ork  for  this  duty.  The  report  of  the  Audit  Company  is 
mm  follows: 


THE    AUDIT    COMPANY 

OF    NEW    YORK. 
43  Cedar  Street. 

Coi--  E.  D.  Mbiee, 

Chairman  Finance  Committee, 

American  Society  of  Mechanical  Engineers, 
12  West  3l8t  Street,  New  York  City. 

Dear  Sir: 

Agreeably  to  your  request,  we  have  audited  the  books  and 
accounts  of  the  American  Society  of  Mechanical  Engineers  for  the 
Bscal  year  ended  September  30,  1905.  The  results  of  this  audit 
are  presented,  attached  hereto,  in  the  form  of  duly  certified  printed 
copies  of  the  accounts  prepared  by  Mr.  Francis  W.  Hoadley, 
Cashier. 
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We  found  that  the  books  and  accounts  of  the  Society  had  been 
kept  in  a  thoroughly  systematic  manner.  The  detailed  information 
contained  therein  is  explicit  and  complete. 

We  certify  that  the  Balance  Sheet  presented  herewith  is  a  cor- 
rect exhibit  of  the  position  of  your  Assets  and  Liabilities  on  Sep- 
tember 30,  1905,  and  that  the  accompanying  Income  Account  is 
also  a  correct  exhibit  of  your  operations  for  the  fiscal  year  ended 
September  30,  1905,  as  shown  by  said  books  and  accounts. 

Very  truly  yours, 
THE  AUDIT  COMPANY  OF  NEW   YORK. 
E.  T.  Ferine, 

General  Manager, 
New  York,  October  24,  1905. 
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$1,300  51 

$15,630  56 

1,300  51 

$14,330  05 

.    W'kkks  Lkciacv  Funds. 

Vssixiation  (iiicIiKiing  Interest) $2,335  31 

,   ••. $2,335  31 

ol  Mccliaiiical  Miij^inoers  (including  Interest).  .        1,063  17 

1,063  17 

l.it«"  Mi'mlMT^liij)  and  Initiation  Fee, 

$9,550  03 

•  J  l!nKiM(M'riii^  Building  during  Fiscal 
7,971   11 

1,584  92 

1,584  92 

(  V  nf  Mccliaiiical  l']ngincors,  including  Interest..       2,026  08 
; 2,026  08 

$7,009  48 

$7,009  48 
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$9,400  44 


19,400  44 


liiuro  added. 

Il  puyineiit  our  aniicHHnu'nt  for  19(M-5  to  the  United  Engiueoring  Society,  the  holding 

liinxt  a  total  liability  to  (niuU  of  $7.<M)9.4S.  and  in  addition  to  thiti  cash  asMit  we  have 
iHuiUiini,',  inakiii;^'  tiic  total  aHHit  acctiniulated  $14,080.59,  thi«  having  been  made  powtible 
loivrd  from  ihrm. 
I  ainniiiit  rcsiTvcd  was  $*^.;7.'^S  too  8mall,  exeeKH  being  charged  against  Surplus  at  Sep> 
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At  the  close  of  the  formal  presentation  of  this  report  the  Secre- 
tary read  the  Report  of  the  Tellers  of  Election  of  Members,  as 
follows : 


REPORT  OF  TELLERS  OF  ELECTION. 

The  undersigned  were  appointed  a  committee  of  the  Council  to 
act  as  Tellers  under  By-Laws  6,  7,  and  8,  to  scrutinize  and  count 
the  ballots  cast  for  and  against  the  candidates  proposed  for  mem- 
bership in  their  several  grades,  in  the  American  Society  of  Me- 
chanical Engineers,  and  seeking  election  before  the  52nd  Meeting, 
New  York,  N.  Y.,  1905. 

They  have  met  upon  the  designated  days  in  the  office  of  the 
Society  and  have  proceeded  to  the  discharge  of  their  duty.  They 
would  certify  for  formal  insertion  in  the  records  of  the  Society  to 
the  election  of  the  following  persons,  whose  names  appear  on  the 
appended  list  in  their  several  grades. 

There  were  693  votes  cast  on  the  ballot  ending  November  27, 
1905,  of  which  13  were  thrown  out  on  account  of  informalities. 

The  Tellers  have  considered  a  ballot  as  informal  which  was  not 
endorsed,  or  where  the  endorsement  was  made  by  a  facsimile  or 
other  stamp. 

Chas.  E.  Lucke, 

H.  G.  Ohatain^    y   Tellers  of  Election. 

Albert  Spies. 


Members. 


Antisel,  F.  L. 
Baker,  C.  W. 
Baush,  O.  H. 
Blood,  L.  H. 
Brakley,  W.  J. 
Buttolph,  B.  G. 
Chester,  J.  N. 
Crawford,  C.  W. 
Crook,  G.  L. 
Dauglierty,  S.  B. 
Dennison,  W.  N. 
Eaton,  C.  E. 
French,  E.  V. 
Guldlin,  0.  N. 
Guy,  A.  E. 


Hamilton,  W.  J. 
Hansen,  T.  H.  C. 
Harris,  J.  W. 
Haskins,  C.  D. 
Hopkins,  G. 
Hopps,  J.  H. 
Kelley,  F,  W. 
Larsson,  T.  L.  F. 
Ludy,  L.  V. 
McClellan.  W. 
Maytham,  W.  J. 
Mersereau,  T.  T. 
Moritz,  A. 
Newton,  P.  A. 


Penney,  R.  C. 
Pettis,  C.  D. 
Proal,  A.  B.,  Jr. 
Riddle,  H.  8. 
Scarborough,  F.  W. 
Seymour,  D.  S. 
Snow,  W.  G. 
Strom,  C.  A. 
Suck,  A. 

Taubenheim,  U.  E. 
Thomas,  J.  W. 
Thompson,  D. 
Tuttle,  W.  B. 
Wheeler,  W.  T. 
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Promotion  to  Full  Membership. 


Alexander,  C.  A. 
Cory,  H.  T. 
Faig,  J.  T. 
Farraud,  D. 
Cinade.  E.  R. 


Gray,  J.  L. 
Guelbaum,  D. 
Jeileries,  F.  L. 
Larkin,  A.  C. 
McClintook,  E.  H. 
Mackintosh,  F. 


Marr,  G.  H. 
Mitchell,  B.  M. 
Rippej,  S.  H. 
Von  Ammon,  S. 
Weber,  O.  L.  K. 


Bendit,  L. 
Graves,  J.  M. 
Hofmeyer,  Q.  A. 


Associates. 


Kilgoar,  D.  F. 
Knight,  G.  L. 
Parker.  J.  C. 


Salter,  T,  F. 
Sandford.  W.  E. 
Shaw.  A.  D. 


Cole,  E.  S. 
Uow.  C.  S. 
G  anther,  C.  O. 


Promotion  to  Associate. 

Krebs,  A.  S. 
Libby,  M.  M. 
Moody,  H.  A. 


Pitkin,  J.  L. 
Young,  W.  A. 


Alexander,  A.  T. 
Alexander,  L.  B. 
Allen,  C.  B. 
Appleton,  W.  D. 
Arnold,  Otto,  Jr. 
AuU,  J.  J. 
Baehelder,  J.  E. 
Barnes.  E.  A. 
Berry  ma. 
Borden,  VV.  H. 
Bright,  H.  De  H. 
C^asenove,  L.  A.  de. 
Chambers.  N.  C. 
Chandler,  S.  McK. 
Coward.  H. 
Cressler.  G.  U. 
(*rotheni.  Chas.  E.,  Jr. 
Davidson,  J.  B. 
Dreyfus,  E.  D. 
Eayrs,  T.  C. 


Juniors. 

PaUon,  J.  B.,  Jr. 
Farmer,  T.,  Jr. 
Freoker.  A.  N. 
Gamble,  W.  H. 
Gillies,  W.  F. 
'  Glenn,  C.  S. 
Goentner,  W.  B. 
Hagerty,  W.  W. 
Hall,  M.  A. 
Helneken,  W.  P. 
Herb,  A. 
Hill,  E.  G. 
Karr,  E.  M. 
Kevorkian.  Z.  H. 
Klahr.  C.  D. 
Koon,  S.  G. 
Kniskem,  W.  H. 
Kothny,  G.  L. 
Masury,  A.  F. 
Miller,  F.  J. 


Miller.  T.  H. 
Parish,  W.  H. 
Pope,  H.  F. 
Reed,  E.  H. 
Robinson,  L.  G. 
Royle,  V.  E. 
Sample,  M.  de  F. 
Seaman,  E.  H. 
Soper,  E.  C. 
Stewart,  G.  W. 
Symonds,  N.  G. 
Sze.  S.  Z.  T. 
Turner,  C.  H. 
Van  Deinse,  A.  F. 
Watson,  G.  L. 
Wear.  B.  C. 
Weinland.  H.  G. 
Wilcox,  C.  C. 
Williams,  E.  D. 
Wisewell.  F.  H. 


Following  this,  the  Report  of  the  Tellers  for  Officers  for  the  So- 
ciety year  about  to  open,  was  presented  and  read  as  follows : 


REPORT    OF    TEI.LERS. 


The  (Committee  of  Tellers  appointed  to  count  the  ballots  cast  by 
the  members  for  officers  of  the  American  Society  of  Mechanical 
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Engineers  for  the  year  1905-1906,  begs  to  submit  the  following 
report : 

Total  ballots  cast 869 

Ballots  thrown  out  unsigned 15 

Total  ballots  counted  by  tellers 854 

Of  the  regular  ballots  counted  by  the  Tellers,  they  would  report 
the  following  result : 

For  President. 

Fred.  W.  Taylor,  Philadelpbla 838 

Scattering . .       6 

For  Vice-Prendenti. 

Walter  M.  McFarland,  Pittsburg 884 

Edward  N.  Trump,  Syracuse 830 

Roberto.  McKinney,  New  York  City 880 

Scattering 3 

For  Managers. 

Walter  Laidlaw,  Cincinnati 881 

Frank  G.  TaUman,  Cleveland 826 

Fredk.  M.  Prescott,  MUwaukee 831 

Scattering 1 

For  Treasurer. 

Wm.  H.  Wiley,  New  York  City 836 

Scattering 1 

Our  count  shows  therefore  election  of 

Fred.  W.  Taylor President. 

Walter  M.  McFarland  j 

Edward  N.  Trump       V Vice-Presidents. 

Robert  C.  McKinney    1 
Walter  Laidlaw       \ 

Frank  G.  Tallman  [- Managers, 

Fredk.  M.  Prescott) 

Wm.  H.  Wiley Treasurer. 

Respectfully  submitted, 

II.  F.  J.  Porter,  \ 

A.  L.  Colby,  V  Tellers  of  Election. 

Chas,  R.  Pratt.  ) 
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Pursuant  to  the  accepted  custom  iu  the  Society,  Messrs.  John 
Fritz  and  S.  T.  Welhnan  were  designated  a  Committee  to  escort 
the  President-elect,  Mr.  Fred.  W.  Taylor,  to  the  front  of  the  room 
where  he  was  welcomed  by  the  President,  to  which  Mr.  Taylor 
made  a  fitting  response. 

The  Chair  then  called  upon  the  Connnittee  representing  the 
Society  for  the  construction  of  the  Engineering  Building.  This 
rejH^rt  was  presented  by  Mr.  Charles  Wallace  Hunt,  of  the  cora- 
mittcK*  as  follows: 

In  reporting  for  the  Committee  representing  this  Society  in 
planning  and  working  out  the  details  of  the  Engineering  Building, 
there  is  little  to  say  beyond  a  somewhat  formal  report  of  progress. 
The  ground  was  all  new  to  the  Connnittee  and  to  the  donor  him- 
self when  we  began;  Mr.  Carnegie  simply  gave  the  money  in  the 
form  of  an  agreement  to  pay  bills,  but  we  had  to  encounter  delays 
in  securing  suitable  property  and  in  ]K»rfecting  the  required  organ- 
ization, all  of  which  could  not  be  talked  about  in  public  for  obvi- 
ous revise  ms. 

Then  came  the  problem  of  design  of  the  building.  It  was  not  a 
j>urely  othce  structure,  so  that  we  could  not  co])y  ex])erience  in  those 
lines.  It  was  not  a  club  building,  but  it  was  a  new  departure 
in  society  headquarters.  There  was  also  a  considerable  work  in 
harmonizing  different  ideas,  before  the  architects'  work  could  be 
brought  to  suit  all  interests.  We  have  distributed  to  all  meml)ers 
a  pamj>hlet  showing  the  details  of  the  important  floors.  I  call 
spcHMal  attention  to  the  large  auditorium  surrounded  by  a  corridor, 
so  that  eonvei^^ation  and  otlu^r  noises  which  have  been  so  much 
in  evidence  this  morniug  shall  not  disturb  the  sessions  within. 

AfttT  the  j)lans  had  bi'eu  s(»tt](Ml  then^  was  the  necessary  con- 
siileration  and  necessary  moditieatinu  of  th(»  bids  resulting  from 
the  changes  in  nuiterial  and  it  was  not  until  July,  11)05,  that  the 
c'oiitnict  was  let.  Work  is  now  in  progress  and  moving  rapidly. 
I'lih^^s  something  which  we  do  not  know  or  foresee  should  arise, 
wr  have  hopes  that  the  next  annual  meeting  can  be  held  in  the 
nrw  building.  While  strikes  are  probably  inevitable,  it  is  possible 
that  our  buihiiug  uiay  not  be  ineludtMl  in  the  list  of  tliose  affected. 

I  want  jmrticularly  to  call  the  attention  of  ineuibers  to  the  op- 
|H»rtunity  nud  uecd  of  developing  the  Society's  library;  we  have 
ii«»t  Ix'en  making  pnjgress  in  this  r(»s])eet  during  tliese  last  few  years 
for  reasons  connected  with  the  financing  of  tlu*  Soci(»ty,  and  with 
the  consideration  of  plans  looking  to  a  consolidation.     The  Mining 
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Engineers  have  a  particularly  fine  library  of  reports  which  they 
are  rapidly  augmenting  at  the  present  time.  The  Electrical  En- 
gineers have  the  Latimer  Clarke  Library,  which  is  probably  the 
finest  of  its  class  in  the  country,  and  they  are  making  rapid  progress 
in  procuring  new  books. 

The  Conmiittee  feel  that  this  Society  should  take  some  steps  so 
that  the  Library  which  results  from  bringing  the  three  collections 
together  shall  be  at  least  equal  on  the  mechanical  side  to  what  the 
others  bring  in  their  special  lines.  If  there  are  any  further  ques- 
tions to  be  asked  I  should  be  glad  to  answer  them. 

At  the  close  of  this  report  the  Chair  asked  from  Mr.  H.  H. 
Suplee  a  memorandum  of  progress  concerning  the  work  of  the 
Historical  Committee. 

Mr.  Suplee  reported  that  the  data  of  the  Committee  had  been 
very  largely  gathered  together  from  correspondence  and  personal 
reminiscences,  and  for  this  reason  the  work  had  been  much  slower 
than  they  had  desired  or  expected. 

The  purpose  had  been  to  celebrate  the  twenty-fifth  anniversary 
of  the  Society's  formation  by  the  issue  of  this  historical  record, 
but  it  would  reach  the  members  sometime  during  the  approaching 
year. 

The  Chair  then  called  for  a  report  of  the  Society's  professional 
committee  on  a  Proposed  Standard  for  Machine  Screws.  This 
was  presented  by  Mr.  George  M.  Bond,  of  the  Committee,  and 
received  discussion  from  Messrs.  L.  D.  Burlingame,  E.  O.  (Joss, 
G.  A.  Gulowsen,  S.  A.  Moss,  and  John  W.  Upp. 

At  the  close  of  the  discussion  Mr.  Bond  stated  that  the  Com- 
mittee held  this  report  as  a  preliminary  document  and  welcomed 
contributions  for  consideration,  and  that  such  contributions  re- 
ceived in  proper  season  would  be  published  as  part  of  the  dis- 
cussion and  considered  by  the  committee  in  the  preparation  of  the 
final  report,  which  they  hoped  to  present  before  the  meeting  of 
the  Society  in  the  spring. 

The  Chair  called  for  the  presentation  of  any  general  business, 
but  none  being  offered  professional  papers  were  taken  up  until 
the  hour  for  adjournment 

The  paper  of  the  morning  was  that  of  Mr.  Jay  M.  Whitham, 
entitled  "Use  of  Natural  Gas  Under  Boilers. '^  It  was  discussed 
by  Messrs.  E.  G.  Bailey,  J.  K.  Brown,  W.  F.  M.  Goss,  E.  A. 
Hitchcock,  Wm.  Kent,  and  S.  T.  Wellman. 

At  the  close  of  this  discussion  the  meeting  adjourned  until  the 
evening. 
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Third  Session.     Wednesday  Evening,  December  6th,  8.30 

o'clock. 

The  Meetings  Committee  in  arranging  its  program  had  invited 
for  this  session  Professor  R.  W.  Wood,  of  Johns  Hopkins,  to  pre- 
sent an  illustrated  lecture  to  describe  and  explain  some  phenomena 
capable  of  being  caught  by  the  sensitive  photographic  plate,  but 
which  ordinarily  the  eye  could  not  work  quickly  enough  to  see. 
The  lecture  was  illustrated  both  with  lantern  slides  and  with  cine- 
matograph films,  and  was  greatly  enjoyed. 

Fourth  Session.     Thursday  Morning,  December  7th, 
10.30  o'clock. 

The  program  for  this  morning  called  for  a  discussion  to  cover 
the  general  subject  of  Bearings,  and  other  invited  topics.  The 
Committee  had  divided  the  subject  into  the  following  sub-headings : 

1.  Metals  suitable  for  bearings. 

2.  Lubrication  of  bearings. 

3.  Method  of  cooling  bearings. 

4.  Limits  of  speeds  and  pressures. 

5.  Designs  of  bearings  for  high  speeds  and  high  pressures. 

6.  Thickness  of  oil  film  or  allowance  between  journal  and  bear- 
ing. 

7.  Thrust  bearings. 

8.  Ball  bearings. 

9.  Roller  bearings. 

Those  who  took  part  in  the  discussion  were  Messrs.  Geo.  M.  Bas- 
ford,  P.  H.  Been,  R  C.  Carpenter,  O.  W.  Dickie,  S.  S.  Eveland, 
G.  R.  Henderson,  Henry  Hess,  A.  H.  Johnston,  H.  K.  Jones,  A. 
Kingsbury,  A.  M.  Mattice,  F.  Mossberg,  C.  W.  Naylor,  Chas.  R. 
Pratt,  n.^  G.  Reist,  W.  S.  Rogers,  Oberlin  Smith,  11.  H.  Suplee, 
F.  W.  Taylor,  John  W.  ITpp,  and  J.  J.  White. 

The  interest  attaching  to  this  discussion  was  such  that  a  very 
P'neral  sentiment  prevailed  that  this  method  was  one  which  could 
pn)|x»rly  be  developed  with  great  advantage  to  the  Society  and  its 
members.  At  the  close  of  the  discussion  on  Bearings  the  paper  on 
''Reinforced  Concrete  Applied  to  Modern  Shop  Construction," 
by  Mr.  E.  N.  Hunting,  was  presented  and  discussed.  The  subject 
of  fire  protection  naturally  allied  itself  to  the  concrete  design  of 
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buildings,  and  Mr.  H.  F.  J.  Porter  presented  by  invitation  some 
recent  research  upon  the  question  of  the  safety  of  factory  em- 
ployees. 

Fifth  Session.    Fkiday  Morning,  December  8th,  10  O'clock. 

The  session  was  called  promi)tly  to  order  for  the  discussion  of 
the  papers  submitted  by  authors  and  accepted  by  the  committee 
for  reading  and  presentation. 

The  titles  of  the  papers  were  as  follows :  R.  J.  Durley,  "Meas- 
urement of  Air  Flowing  Through  Circular  Orifices  in  Thin 
Plates" ;  R.  II.  Fernald,  "  Results  of  Preliminary  Producer  Gas 
Tests/'  United  States  Geological  Survey  Testing  Plant,  St 
Louis,  Mo. ;  Charles  E.  Lucke,  "Pressure  Drop  Through  Poppet 
Valves;  "  A.  J.  Ilerschmaun,  "Test  of  Elevator  Plant,"  Trinity 
Building,  New  York  city ;  II.  F.  J.  Porter,  "The  Realization  of 
Ideals  in  Industrial  Engineering." 

Those  who  took  part  in  the  discussion  were  ilessrs.  R.  P.  Bol- 
ton, Thos.  R.  Brown,  Wm.  II.  Bryan,  John  Calder,  A.  A.  Gary, 
Hugo  Diemer,  John  T.  Hawkins,  Geo.  Hill,  F.  E.  Junge,  Albert 
Kingsbury,  R.  E.  ^Mathot,  E.  S.  Matthews,  S.  A.  Moss,  John  0. 
Parker,  Chas.  R.  Pratt,  W.  S.  Rogers,  W.  B.  Snow,  II.  H.  Suplee, 
and  S.  S.  Wyer. 

At  the  close  of  the  discussion  the  Secretary  called  attention  to 
the  fact  that  the  handsome  monogram  in  electric  lights  was  a 
gift  to  the  Society,  and  on  motion  a  vote  of  thanks  was  extended 
for  this  gift  and  for  the  other  courtesies  which  the  Society  had 
enjoyed  during  the  continuance  of  the  meeting.  The  President 
asked  Mr.  Fred.  W.  Taylor  to  come  to  the  platform  and  turned 
over  to  him  the  responsibility  of  adjourning  the  meeting.  Mr. 
Taylor  spoke  of  the  problem  before  the  President  of  choosing 
members  of  the  Society  to  supply  vacancies  on  the  standing  com- 
mittees and  the  relative  advantages  of  two  differing  policies  to 
determine  the  choice.  On  the  one  hand  was  the  advantage  of  mak- 
ing the  committees  territorially  representative  of  the  Society  by 
choosing  members  qualified  to  serve,  from  a  wide  geographical  dis- 
tribution, so  that  they  should  be  representative  not  only  in  their 
own  persons,  but  representative  also  of  the  widely  distributed  in- 
terest of  the  members  by  residence. 

The  objection  to  this  policy  was  the  difficulty  of  securing  an 
effective  quorum  for  the  transaction  of  business  when  committees 
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were  required  to  act  on  short  notice  or  at  short  intervals  when  the 
importance  of  the  individual  items  might  perhaps  not  be  large,  and 
yet  the  necessity  for  prompt  action  insistent. 

The  other  policy  was  to  choose  the  meml>ers  for  the  committees 
fnmi  within  relatively  short  radius  of  the  Society's  headquarters, 
so  that  eflFwtive  attendance  could  be  secured  for  the  transaction 
of  business.  The  objection  to  this  system  was  the  obvious  one 
that  the  management  of  the  Society  through  its  committees  ap- 
j>eared  to  concentrate  itself  rather  than  to  secure  a  wide  distribu- 
tion. Tlie  President  asked  the  meeting  to  express  its  oi)ini<)n  as 
to  which  of  the  two  jwlicies  the  best  interests  of  the  Society  re- 
quired that  lie  should  follow.    It  was,  on  motion, 

Besolred,  That  it  was  the  sense  of  the  meeting  that  the  best  in- 
terests of  the  Society  demanded  the  selection  of  the  members  of 
standing  committees  from  those  whose  residences  would  enable 
them  to  ho  present  at  the  meetings  and  who  could  he  promi)tly  sum- 
moned for  spmal  meetings  when  such  were  necessary.  This 
rt\solution,  duly  put  by  the  Ohair,  was  carried. 

The  Chair  then  put  the  motion  to  adjourn,  which  was  duly 
secon<led  and  carried. 

The  expected  place  of  the  next  meeting  of  the  Society  is  the 
city  of  Chattanooga,  Tenn. 

On  the  afternoon  of  Wednesday  the  members  were  the  guests 
of  the  new  Henry  H.  AVorthington  Hydraulic  Works  at  Harrison, 
X.  J.  A  s{XH?ial  train  from  the  terminal  of  the  Delaware,  Lacka- 
wanna, and  Western  Railway  carried  the  members  to  the  yard, 
antl  after  iKMUg  photographed  they  wen*  entertained  at  luncheon 
and  ^Hstributed,  under  the  guidance  of  officers  of  the  (\)mpany,  for 
a  visit  to  the  extensive  plant.  'J'he  numbers  in  attendance  on  this 
excursicm  were  phenomenal  to  th(j  jmiut  of  embarrassment,  as  over 
sTO  |K»rsons  were  (m  the  train  and  others  joined  the  party  at  the 
Works.  A  brief  address  by  ^Ir.  William  Sclnvanhausser,  memlx'r 
of  the  Society  and  General  ^lauagcr  of  the  Company,  could 
scarcely  1k»  heard  by  the  large*  numlHM-  to  Im*  reached. 

On  the  afternoon  of  Thursihiy  the  meuibers  were  the  guests  of 
tlu»  New  V<»rk  School  of  Autouiobile  Kngineers  at  14(5  West  Fifty- 
sixth  Str(H't,  to  insj)ect  the  phiiis  which  ha<l  Ihh'II  gotten  togetlu^r 
by  th*>M*  interested,  for  the  instruct  ion  of  operators  for  motor 
vciiides.  The  principle  of  the  scheme*  of  instruction  was  to  apply 
to  trade  t4»aching  the  methods  of  the  mechanical  lalK>ratory,  so 
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that  the  students  should  learn  the  principles  of  the  various  opera- 
tions which  they  were  expected  to  control  rather  than  simply  to 
learn  how  to  perform  certain  designated  operations  on  a  specific 
apparatus. 

The  members  were  also  invited  to  visit  the  Watson-Stillman 
Company  at  Aldene,  N".  J.,  and  the  Waterside  Power  Station  of 
the  Edison  Company,  on  the  east  side  of  the  city. 
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No.  1096.* 

ON  THE  SAFEGUARDING   OF  LIFE  IN  THEATERS. 
A  STUDY   FROM  THE  STANDPOINT  OP  AN   ENGINEER. 

BT  JOHH  R.  rRUMAV,  PROYIDBNCB,  B.  I. 

(Member  of  the  Society.) 

Custom  has  decreed  that  the  President  of  this  Society  should 
choose  his  subject  for  the  opening  address  of  our  winter  meeting 
from  within  some  field  of  his  own  special  work,  and  that  the 
address  should  be  either  a  historical  review,  or  an  effort  to  lead 
the  thought  of  the  evening  into  some  useful  line  of  advance  in 
applied  science;  and  so  I  bring  to  you  a  topic  that  has  been  much 
in  my  thought  for  two  years  past,  and  in  one  corner  of  the  field 
of  fire  protection,  to  which  I  have  devoted  a  portion  of  my  time 
for  twenty  years. 

It  is  a  fair  and  moderate  statement  that  the  present  practice  of 
the  art  of  fire  prevention,  as  applied  to  theaters  and  buildings  of 
public  congregation,  is  from  ten  to  twenty  years  behind  the  fire 
protection  of  the  best  industrial  works,  and  true  that  the  fire  hazard 
to  theater  property  in  general,  as  measured  by  a  comparison  of 
insurance  rates,  is  ten  to  twenty  times  as  great  for  the  modem 
theater  as  for  the  modern  factory,  f 


*  Presented  at  the  New  York  meeting  (December,  1005)  of  the  American 
8«)eiet7  of  Mechanical  Engineers,  and  forming  part  of  Volame  27  of  the  Trans- 
octionM. 

f  At  tlie  time  of  the  Iroquois  fire  tlie  average  cost  of  insurance  per  year  on  the 
principal  Chicago  theaters  was,  on  buildings  3.7  per  cent.,  on  furnishings  and 
ftitmres  4.8  per  cent.,  on  scenery  4.7  per  cent. 

On  the  beflt  fireproof  theater  buildings  in  Chicago  it  was  about  1  percent., 
with  2  per  cent,  on  fixtures,  fumipbings,  and  scenery  therein.  On  some  of  the 
more  hasardous  theater  structures  in  Ciiicago  the  rates  were  6  per  cent,  and  even 
7  per  cent,  per  year.  Tiie  same  insurance  companies  tliat  insure  these  theaters 
will  injure  a  strictly  first-class  cotton  mill,  or  even  a  first-class  woodworking  or 
rubber  factory,  at  Vj  to  J  of  1  per  cent,  per  year,  when  thoroughly  protected  by 
automatic  sprinklers,  etc. 

We  must  bear  in  mind  that  a  comparison  of  insurance  rates,  while  an  excellent 
guide,  is  not  a  complete  or  accurate  basis  for  a  comparison  of  safety  to  life  in 
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All  of  this  is  unnecessary.  It  is  a  wrong  against  the  public  that 
should  be  righted.  The  actual  fire  hazard  at  the  theater  can 
be  made  smaller  than  that  of  the  factory  by  well-proved  means, 
the  cost  of  which  is  not  extravagant.  The  safeguards  needed  are 
mostly  simple;  the  main  features  of  some  of  them  are  already 
worked  out  and  well  proved  within  the  great  factories  which  you 
engineers  build  and  manage;  the  additional  safeguards  required 
to  be  worked  out,  or  adjusted  for  this  special  case — the  automatic 
smoke  vents — the  safe  proscenium  curtain — the  safe  warming  and 
ventilation — the  proper  arrangement  of  automatic  sprinklers  in 
stage  and  dressing-rooms  and  storerooms,  are  within  the  field 
of  the  Mechanical  Engineer,  and  are  mostly  simple  problems 
when  serious  attention  and  skill  are  once  directed  to  them. 

As  a  society  of  engineers,  we  have  a  precedent  for  giving  our 
time  to  this  study  in  the  investigation  made  by  the  Austrian 
Society  of  Engineers  after  the  burning  of  the  Ring  Theater  in 
Vienna,  and  republished  by  them  after  the  burning  of  the  Iroquois. 

In  the  great  factories  of  New  England  first,  and  more  recently 
in  those  of  the  Middle  States  and  Middle  West,  all  represented 
largely  in  our  membership,  there  have  been  slowly  worked  out 
the  most  advanced  methods  of  fire  prevention  that  are  anywhere 
to  be  found.  This  safety  of  the  slow-burning  American  factory 
has  come  first  through  an  appreciation  of  the  danger  and  then  a 
study  by  one  engineer  after  another  of  how  to  meet  it;  then 
a  conscientious  attention  to  perfection  of  detail,  and  then  an 
education  of  the  average  workman  about  the  place  into  the 
requirements  for  safety. 

In  the  course  of  my  own  studies  of  the  theater  and  auditorium 
problem,  I  have  seen  almost  everywhere  conditions  affecting  the 
safety  of  life  that  would  not  be  tolerated  by  the  managers  of  our 
best  industrial  works,  and  all  from  simple  failure  to  know  or  to 
give  attention. 

For  example,  I  have  seen  in  one  of  the  best  New  York  theaters 
the  wedge-shaped  space  beneath  the  sloping  floor  of  the  audi- 
torium used  as  a  storeroom  for  trunks  and  properties.  This  room 
was  also  the  plenum  chamber  for  the  ventilation.  Suppose  that 
rats  and  matches,  spontaneous  ignition  of  oily  material,  or  any  of 


different  tlieaters,  for  the  questions  of  accident  or  death  to  audience  and  actors  are 
most Ij  settled  within  the  first  five  minutes  after  fire  breaks  out,  while  the  per 
cent,  of  damage,  that  concernn  the  fire  underwriter,  may  be  in  sa^penFe  for 
an  hour  or  more. 
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the  obscure  but  frequent  causes  should  start  even  a  slow,  smould- 
ering fire  in  this  room.  Why  is  it  not  foreseen  that  the  smoke 
rising  through  the  air  ducts  in  the  floor  might  throw  the  audience 
into  a  panic  and  cause  great  loss  of  life? 

In  one  of  the  most  famous  halls  in  America  I  found  the  portable 
wooden  flooring,  used  sometimes  to  level  up  and  transform  the 
main  seating  space  into  a  ballroom,  stored  in  a  dark  passageway, 
which  formed  the  main  air  chamber  between  the  heating  coils  and 
the  concert  hall,  all  thus  kiln -dried  to  perfection,  and  when  I 
showed  it  to  the  manager  and  to  an  intelligent  aldermanic  com- 
mittee and  urged  its  immediate  removal,  they  saw  no  danger  and 
thought  me  hypercritical,  and  could  not  even  see  that  automatic 
sprinklers  would  be  of  use  in  such  a  concealed  storage  space. 

In  Chicago,  within  a  few  months  after  the  appalling  disaster 
at  the  Iroquois  Theater,  the  aldermen  rescinded  the  rule  calling 
for  automatic  sprinklers  over  the  stages  and  rigging  lofts  *  of  the 
theaters  because  the  managers  believed  they  "  wouldn't  do  any 
good,"  and  ''might  start  a  panic  should  one  happen  to  open  prema- 
turely." Every  factory  manager  or  mill  engineer  in  this  audience 
will  admit  the  absurdity  of  such  a  statement. 

In  Boston,  the  law  still  accepts  the  non-automatic  sprinkler 
pi|)e  to  be  opened  by  hand,  a  device  which  has  now  been  almost 
totally  discarded  in  factory  fire  protection  in  favor  of  the 
automatic. 

Most  dangerous  of  all,  I  have  found  behind  the  scenes  and  in 
the  mechanics'  rooms  a  lack  of  the  scrupulous  neatness  and  order 
that  characterizes  a  modern,  well-organized  factory;  have  found 
a  multitude  of  dark,  conceale<l  spaces  used  as  catch-alls,  and  an 
apparent  lack  of  appreciation  by  owner  and  architect  that  a  food 
of  ihiylujhf  in  storerooms^  irork rooms  and  dressing-rooms  is  the 
fpent  of  all  safetjuarfls,  by  making  dirt,  disorder  and  dangerous 
rubbish  conspicuous.  While  there  are  notable  exceptions,  the 
atmosphere  of  the  theater  is  largely  of  show  and  tinsel,  and  this 
contributes  to  the  less  thoroughgoing  standards  of  neatness  and 
completeness  than  in  the  factory. 

We  cannot  leave  it  to  the  underwriter  to  make  the  theater  safe 
against  fire.  The  able  president  of  one  of  the  largest  insurance 
compiinies  has  said  to  me,  *' As  an  individual,  I  would  be  very  glad 
ti>  see  the  theaters  safe  for  the  public  which  patronizes  them,  but 

•  Tli*»y  are  insisted  on  in  the  mechanics'  n»oms,  and  in  otluT  places  far  less 
diingeroii8  to  the  audience. 
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as  an  underwriter  /  charge  for  the  hazard  as  I  Jmd  it,  and  need 
not  care  particularly  whether  the  rate  is  one  per  cent,  or  five 
per  cent."  He  tells  me,  too,  that  on  the  whole  the  theater  class 
at  current  rates  is  profitable  underwriting. 

We  cannot  leave  it  with  the  framing  of  a  good  building  law. 
The  same  underwriter  also  said  to  me,  ^'The  City  New  York 
has  a  pretty  good  building  law,  yet  the  city  is  full  of  theaters 
that  are  unsafe,  some  of  them  constructed  since  the  building  law 
went  into  effect. "  'The  Chicago  Building  Law  required  automatic 
sprinklers  over  the  stage;  until  after  the  Iroquois,  not  one  had 
ever  been  put  in.  Then,  in  the  effort  to  perfect  the  enforcement 
of  the  law,  they  cut  out  its  requirement  for  sprinklers  over  the 
stage! 

How  can  we  transfer  the  care  and  the  precautions  of  the  modem 
factory  to  the  modern  theater  ?  How  can  we  bring  the  manager, 
the  architect,  and  the  official  guardians  of  public  safety — the  fire 
chiefs  and  the  public  inspectors  of  buildings — to  understand  and 
introduce  the  well-proved  safeguards,  and  to  be  critical  about  that 
perfection  of  detail  on  which  safety  depends  ?  How  can  we  bring 
the  public  to  demand  these  things? 

Our  fellow-member,  Mr.  Gerhard,  presented  some  of  these 
matters  admirably  some  years  ago  in  a  series  of  popular  talks 
which  he  recast  into  a  most  useful  and  suggestive  little  book 
on  Theater  Fires. 

A  German  engineer,  Herr  August  Foelsch,  of  Hamburg  and 
Vienna,  began  in  1869  to  collect  statistics  of  theater  fires,  and 
up  to  the  time  of  his  death  had  collected  records  of  over  500. 
This  list  has  been  extended  by  Mr.  E.  O.  Sachs,  a  London 
architect,  until  it  contains  some  account  of  1,000  theater  fires  that 
have  happened  in  various  parts  of  the  world  within  about  100 
years.  The  American  engineer,  Hexamer,  has  also  added  useful 
contributions  to  this  record.  These  figures  are  impressive,  but 
they  tea^h  far  less  than  a  fuU  study  of  a  few  of  the  notahle 
examples. 

The  Example  of  the  Iroquois, 

I  first  became  actively  interested  in  this  question  by  the  burning 
of  the  Iroquois  Theater  at  Chicago  a  little  less  than  two  years  ago. 
A  prominent  manufacturer,  two  of  whose  little  nieces  were  among 
the  nearly  600  people  that  perished,  wired  me  to  come  over  to 
Chicago  and  investigate;  in  a  noble  spirit  he  said,  not  for  the 
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purpose  of  fixing  the  blame,  but  to  help  us  find  out  how  such 
fearful  disasters  can  be  prevented. 

I  examined  the  structure  before  any  of  the  wreckage  had  been 
moved,  listened  to  evidence  before  the  coroner's  inquest,  coun- 
seled with  the  mayor  and  committee  of  the  Board  of  Aldermen, 
questioned  eye-witnesses,  visited  Chicago  repeatedly,  and  for 
several  months  devoted  to  this  study  all  of  the  time  that  I  could 
get  release  from  business,  and  inspected  many  other  theaters  in 
the  eflfort  to  reach  a  clearer  understanding  of  their  special  hazards. 

This  fire  at  the  Iroquois  Theater  occurred  at  a  Wednesday 
afternoon  matinee,  in  the  midst  of  the  holiday  season,  when 
the  theatre  was  crowded,  largely  with  pleasure  parties  of  women 
and  children. 

A  spectacular  play  was  being  given;  the  amount  of  scenery 
was  uncommonly  large;  the  fire  was  caused  by  a  spark  from  a 
portable  electric  arc  light,  known  as ''  spot  light  *' — used  to  throw 
a  strong  light  on  a  special  group — which  set  fire  to  one  of  the 
dra|)eries.  The  fire  spread  in  the  hanging  sheets  of  scenery  with 
great  rapidity  and  it  is  probable  that  in  from  one  to  two  minutes 
the  great  mass  of  scenery  on  the  stage  was  in  flames.  Meanwhile 
an  unsuccessful  attempt  was  made  to  lower  the  asbestos  curtain — 
the  leading  comedian  came  forward  and  urged  the  audience  to 
keep  their  seats.  A  door,  opened  by  the  escaping  actors,  let  a 
great  rush  of  air  inward — this  together  with  the  expansion  of  the 
air  in  the  top  of  the  stage  space  by  the  heat  drove  the  flames  out 
under  the  proscenium  arch  into  the  upper  part  of  the  auditorium. 
Here  was  instant  discovery — cool,  prompt  action  by  the  theater 
staff.  There  was,  perhaps,  a  momentary  delay  in  sounding  the 
public  fire  alarm,  but  with  admirable  promptness  the  chief  of  the 
public  Fire  Department  and  an  efiicient  force  of  firemen  were  on 
the  ground  within  little  more  than  five  minutes  from  the  first 
alarm — we  can  never  hope  for  prompter  or  better  service  from 
a  public  fire  department — but  even  by  that  short  time  most  of 
the  victims  had  already  hec&tne  sxtffoeated. 

Some  of  the  cooler  headed,  who  followed  the  maxim  for  safety, 
**  Remain  in  your  seat  and  avoid  crushing  at  the  exit,"  were  suffo- 
cated in  the  gallery  where  they  siit. 

Out  of  an  audience  of  about  1,830,  there  were  r>81  killed,  or  32 
per  cent.,  and  it  is  said  about  250  more  were  injured. 

Of  those  killed,  about  400  occupied  the  gallery,  or  70  per  vani.  of 
those  in  the  gallery  perished ;  and  about  125  occupied  the  balcony, 
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or  30  per  cent,  of  those  in  the  balcony  perished.  Of  those  who 
occupied  the  floor  not  more  than  7  were  killed,  and  most  of  these 
deaths,  it  is  said,  were  caused  by  persons  jumping  from  the  gallery. 

Suflfocation  was  the  main  cause  of  death.  The  underwriters' 
loss  was  small  as  theater  fires  go. 

What  has  been  called  the  irony  of  fate  is  found  in  the  fact  that 
the  scene  of  this  appalling  disaster  was  the  newest  of  Chicago's 
theaters,  a  building  of  fireproof  construction  that  justified  the 
name  so  far  as  the  building  itself  was  concerned — a  theater  that 
structurally,  perhaps,  had  no  su])erior  in  this  country  or  in  the 
world.  Little  except  scenery,  decorations  and  upholstery  was 
damaged  by  the  fierce  fire. 

It  is  true  that  there  had  been  shameful  neglect  in  important 
details  of  fitting  up,  that  fire  hose  on  the  stage  had  been  delayed, 
and  that  fire  pails  and  soda-water  fire-extinguishers  were  absent, 
and  that  the  ventilating  skylights  over  the  stage  were  blocked  so 
they  could  not  slide  open,  and  that  exits  w^re  poorly  marked;  but 
I  have  come  to  believe  that  had  these  all  been  in  the  condition 
commonly  found  in  American  theaters,  the  result  of  this  fire  might 
have  still  been  appalling,  and  it  is  because  I  am  sure  the  great 
lessons  of  this  and  the  other  great  theater  catastrophes  have  not 
been  properly  heeded  that  I  speak  on  this  topic  to-night. 

The  great  lesson  of  the  Iroquois  centers  around  the  sudden  out- 
break, the  rapid  progress  of  the  fire  over  the  stage,  and  the  fact 
that  most  of  the  deaths  occurred  within  five  minutes  of  the  first 
flame;  that  death  came  to  nearly  all  of  those  who  had  seats  in  the 
gallery,  while  nearly  all  of  those  on  the  floor  escaped. 

The  great  lesson  of  the  Iroquois  fire  was  only  a  repetition  of  a 
lesso7i  that  has  heen  given  several  times  hefore  and  each  thiu  for- 
gotten. 

The  recurring  formula  is: 

(1)  A  stage  crowded  with  scenery. 

(2)  The  sudden  spread  of  the  flames  over  this  scenery. 

(3)  The  opening  of  a  door  in  the  rear  of  the  stage,  an 

inrush  of  air. 

(4)  Scant  smoke  vents   over   the  stage,   an   outburst  of 

smoke  under  the  proscenium  arch. 

(5)  Death  to  those  in  the  galleries. 

In  1881,  at  the  King  Theater  disaster  in  Vienna,  wdth  about 
1800  in  the  audience,  careless  lighting  ignited  a ''  hanging  border;" 
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a  large  door  in  the  rear  of  stage  was  opened,  letting  in  a  blast  of 
air  that  drove  the  smoke  through  the  proscenium  arch;  the  iron 
curtain  could  not  be  lowered;  special  exit  doors  w^ere  found 
locked ;  450  were  killed,  mostly  in  the  xipper  gallery. 

In  1887,  at  Exeter,  England,  fire  caught  on  a  stage  crowded 
with  scenery.  Within  about  jive  minutes  from  the  outbreak  of 
the  fire,  200  were  killed,  mostly  in  the  upper  gallery. 

In  1876,  at  Conway's  Theater,  Brooklyn,  N.  Y.,  the  stage  was 
crowdeil  with  scenery;  a  border  caught  fire;  the  blast  of  suf- 
focating smoke  was  increased  by  the  opening  of  large  doors  in 
the  rear  of  stage;  about  300  were  killed,  all  in  the  upper  gallery. 

Note  the  suddenness,  the  suffocation,  and  that  the  fatalities  are 
marly  all  in  the  galleines  and  that  these  old  descriptions  will  each 
tell  the  story  of  the  Iroquois. 

In  1903,  at  the  Iroquois  Theater,  Chicago,  the  stage  was  crowded 
with  scenery.  A  piece  of  hanging  scenery  was  set  on  fire  by  an 
electric  light.  A  door  at  the  rear  of  stage  was  opened,  increasing 
the  blast  of  suffocating  smoke  sent  into  the  auditorium.  Within 
from  five  to  ten  minutes  about  580  were  killed,  mostly  in  the 
up|>er  gallery.  Substantially,  all  of  those  Avho  had  seats  on  the 
floor  got  out  alive.  Out  of  about  900  who  were  in  the  gallery 
and  the  balcony  only  about  300  got  out  alive. 

The  obvious  suggestion  might  be,  make  the  scenery  incom- 
bustible, and  the  popular  belief  taken  in  from  old  text-books  is 
that  this  is  a  simple  matter.  Of  its  difficulties  and  uncertainties, 
we  will  sj>eak  later.  Suffice  it  for  the  moment  to  say  that  not- 
withstanding the  paternal  care  with  wliich  the  government  in 
England  and  on  the  Continent  looks  after  all  matters  of  i)ublic 
safety,  and  notwithstanding  the  many  recipes  in  French  and 
English  publications  for  piaking  fabrics  incombustible,  none  of 
these  foreign  governments,  so  far  as  I  can  learn,  specifv  that 
scenery  shall  be  subjected  to  any  process  of  flame-proofing. 

We  nuiy  make  scenery  less  easily  inflammable,  so  that  a  match 
or  an  electric  spark  will  not  ignite  the  canvas  or  gauze,  luit  the 
efjicient  fire-proofijuf  of  aceneri/,  so  that  U  will  not  all  hum  vp  if  a 
fire  foice  (jets  xcell  started  on  the  stof/e,  is  siwph/  impr(icti'a})le.  Of 
all  this  we  will  speak  later. 

The  scenery  which  burned  so  rapidly  at  the  Iro(|uois  was  all 
made  in  England,  and  was  tirst  used  under  the  supervision  of 
English  law,  in  the  Drury  Lane  Tln^ater,  in  London. 
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We  will  in  briefest  manner  possible  discuss  a  few  of  the  chief 
features  of  tlie  theater  risk  and  means  for  meeting  them. 

The  Fuel, 

The  amount  of  combustible  material  on  the  stage  in  a  great 

spectacular  piece  is  surprisingly  large.     On  the  Iroquois  stage  at 

the  time  of  the  fire  there  was  more  than  ten  thousand  square 

yards  of  canvas,  or  two  and  one-half  acres,  and  in  addition  about 


Fig  1. — A  Typical  View  ovkk  a  Theater  Stage,  above  the  Level  of  the 
Proscenium  Arch,  showing  the  Canvas  Scenery,  the!  Ropes  by  which 
IT  IS  Raised  and  Lowered,  and  the  '*  Pin-rail"  on  which  these  Ropes 
ARE  Fastened. 

three  thousand  square  yards,  or  half  an  acre,  of  gauze.  To  hang 
this  required  nearly  eleven  miles  in  length  of  f-inch  manila  rope, 
and  in  the  frames,  battens,  braces,  profiles  and  set  ])ieces,  the 
stage  carpenter  of  the  Irocjuois  tells  me,  after  making  careful  esti- 
mate, that  there  was  about  eight  thousand  square  feet  of  white 
pine  lumber.  The  total  weight  of  this  fuel  was  more  than  ten 
tons,  all  dry  as  tinder,  and  all  set  or  hung  in  a  way  to  give  the 
quickest  possible  exposure  and  spread  to  the  flames. 

Figs.  1  and  2  will  give  some  idea  of  how  this  is  hung. 


ox    THE    SAFEGUAKDIXG    OF    LIFE    IX    THEATERS. 


79 


The  paints  used  by  the  scene  painter  are  not  dangerous.  They 
are  almost  entirely  mineral  substances  put  on  with  water  and 
glue,  and  they  tend  to  make  the  fabric  a  little  less  readily  com- 
bustible. 

J t  is  very  rare  that  so  much  scenery  is  found  upon  a  stage;  but  if, 
as  is  more  common,  it  were  only  one-fourth  part  as  much  as  at 
the  Iro<|Uois,  it  is  plain  that  the  fuel  supply  is  sufficient  to  send 
out  an  enormous  volume  of  suffocating  gas.     Indeed,  I  have  com- 


Fi«.  2.— AxoTUKU  Tyimi'al  "  Han(jin(;.loft"  ovKK  A  TiiKATKU  Stack.  Notk 
now  TiiK  Nkckhsahy  Ai«kan«emknt  of  thk  vSrkkts  of  Canvas  Favors 
Kaph)  IJurnixc}. 


puti*d  that  merely  the  (juick  burning  of  this  one  hundred  and 
sixty  pounds  of  gauze  that  hung  over  the  Iroijuois  stage  would 
heat  a  vohnne  of  aire()ual  to  that  contained  in  the  large  space 
of  tht»  iianging  loft  alcove  the  level  of  the  proscenium  airh  to 
IjMMi  degrees  Fahrenheit. 

There  is  good  testimony  to  the  elfeet  that  in  tin*  Irocjiiois  lire 
only  about  two  minutes'  time  ehi))sed  alter  tlu»  first  spark  until 
all  tiie  upiHT  scenery  was  in  flames.  Only  from  three  to  four 
minutes'  time  elapsed  before  the  large  space  (;f  the  hanging  h»ft 
was  so  lilled  with  fire  that  the  flames  and  sm<>ke  rolled  out  be- 
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neath  the  proscenium  arch  into  the  top  of  the  auditorium;  inside 
of  five  minutes  from  the  first  spark  came  suffocation  and  death. 

The  foremost  problem  of  safeguarding  life  in  theaters  is  to  give 
prompt  and  certain  vent  to  this  smoke  and  suffocating  gas  else- 
where than  through  the  proscenium  arch. 

CONCERNING    THE    SMOKE    VENTS. 

The  ordinary  construction,  with  a  high  spacious  chamber  for 
the  hanging  loft  above  the  level  of  the  proscenium  arch,  is  such 
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Fig.  8. 


that  it  is  a  simple  matter  structurally  to  keep  thisjire  and  smoke  out 
of  the  auditorium^  and  no  matter  how  great  the  mass  of  flaming 
scenery,  a  smoke  vent  of  one-eighth  or  one-tenth  the  area  of  the 
stage,  if  instantly  opened,  would  probably  have  saved  all  of  this 
terrible  suffocation  at  Chicago,  at  Exeter,  at  Brooklyn  and  at 
Vienna.  This  remedy  is  so  simple^  so  sure  and  so  cheap  that  it 
is  a  crime  not  to  apply  it. 

A  thoroughly  good  automatic  smoke  vent  will  do  more  for  the 
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safety  of  the  public  than  all  of  the  remaining  provisions  of 
the  most  elaborate  building  law. 

As  yet,  not  one  theater  in  ten  has  it! 

Fig.  3  shows  a  cross  section  of  the  Iroquois  through  auditorium 
and  stage.  The  form  is  typical  and  about  the  same  in  all  first- 
class  theaters.  To  one  who  has  not  been  behind  the  scenes  and 
climbeil  up  to  the  gridiron,  the  surprising  thing  is  the  great 
head  room,  commonly  seventy  feet  from  stage  to  gridiron  and 
eighty  or  sometimes  ninety  feet  from  floor  to  roof,  and  necessarily 
more  than  double  the  height  of  the  proscenium  arch,  into  which 
are  hoisted  the  great  sheets  of  canvas  on  which  the  scenes  are 
painteil. 

The  conditions  are  plainly  similar  to  that  of  the  fireplace  in  our 
living  room,  magnified  ten  or  twenty  diameters.  Note  how  ad- 
mirably the  high  space  over  the  stage,  screened  by  the  arch,  is 
adapteil  to  give  the  best  of  chimney  draft,  and  not  give  us  a 
smoky  fireplace.  The  roaring  fire  on  our  hearth  sends  ninety 
or  ninety-five  |)er  cent,  of  its  heat  up  the  chimney  and  gives  out 
no  smoke  into  the  room,  if  only  the  chimney  be  properly  designed 
and  the  damper  open.  An  ordinary  rule  is  to  make  the  throat 
of  the  chimney  at  least  one-tenth  the  area  of  the  fireplace  open- 
ing, or  it  may  be  stated  that  the  space  through  the  damper  should 
be  one-eighth  the  area  of  the  hearth,  and  when  xoe  aiviphj provide 
an  adcquiiU^  chhnney  area  and  a  damper  that  will  surely  open^  we 
ahidl  hare  adopted  a  safeguard  that  would  hai'e  saved  four-fifths 
of  thi^e  who  perished  at  tlie  Iroquois^  regardless  of  defective 
curtain,  defective  exits  and  absence  of  fire  hose  on  the  stage. 

In  a  way,  it  has  been  long  recognized  there  should  be  a  large 
ventilator  ov^er  the  stage,  and  one  city  has  copied  from  another 
the  building  law  that  in  the  case  of  New  York  City  reads  as  fol- 
h)\vs: 

"  Th»*re  shall  be  provided  ovor  th«  s'tage  metal  skylights  of  a  com- 
bine<l  an»a  of  at  least  one-eig^hth  the  area  of  the  stag-e,  fitted  with 
sliding  sash  and  glazed  with  double  thick  sheet  j^^Ihsh  .  .  .  the  whole 
of  which  8kyli|rht  nhall  l>e  ho  construeted  as  to  open  instantly  on  the 
cutting  or  burning  of  a  hempen  cord  .  .  .  Inim<'diate1y  underneaili 
the  glaMM  of  said  skylight  there  nhall   l)e  wire   netting.    .      .     ."  etc. 

The  evident  purpose  of  the  thin  ghtss  is  to  cover  the  vent 
with  something  that  will  break  out  under  heat  if  tlie  mechanism 
for  sliding  the  cover  off  fails.  The  wire  netting  is  to  catch  any 
piece  of  broken  glass  from  falling  to  the  stage. 
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The  building  law  of  the  London  County  Council  reads  much 
the  same,  save  that  its  ratio  is  one-tenth,  and  perhaps  that 
ordinance  is  where  the  rule  began. 

Some  of  the  leading  American  cities  make  the  proportion  one- 
tenth.  In  the  revised  Chicago  ordinance,  notwithstanding  their 
fearful  lesson,  they  are  content  with  ventilators  of  one-twentieth 
the  net  area  of  the  stage,  because,  as  one  of  the  Aldermanic  Com- 
mittee gravely  assured  me,  '^  If  the  area  was  made  too  large,  it 
might  cause  a  down  draft." — What  stupidity! 

The  idea  of  a  large  ventilator  expressed  in  these  rules  is  all 
right,  but  the  execution  is  commonly  all  wrong,  and  needs  some 
good  engineering  to  provide  a  design  of  damper  with  careful  de- 
tails that  will  be  sure  to  work.  Note  the  antiquated,  good-for- 
nothing  suggestion  of  the  ''burning  of  a  hempen  cord,"  when 
fusible  links  have  been  used  on  the  lire  doors  in  your  factories 
for  twenty  years!  There  is  no  good  reason  to  expect  the  hempen 
cord  in  this  position  in  smoky  atmosphere  from  which  oxygen 
had  been  largely  removed  would  burn  off  until  after  a  majority 
of  the  people  in  the  gallery  had  been  suffocated. 

And  in  one  of  the  newest  and  best  of  the  New  York  theaters  I 
found  the  ventilator  had  a  broad  sheet  of  heavy  canvas  laced 
tightly  across  its  opening  with  marline,  because,  as  the  stage 
carpenter  told  me,  ''  the  cracks  around  the  ventilator  let  in  too 
much  cold  air."  No  building  inspector  had  objected,  and  the 
carpenter  could  not  be  made  to  see  any  danger.  "It  would 
burn  off  in  any  bad  fire,"  he  said.  So  it  might,  but  not  until 
the  people  in  the  gallery  were  mostly  dead. 

The  requirement  of  thin  glass  in  the  building  law  is  well  meant, 
but  it  would  be  too  slow  in  breaking  out.  Eemember  how  quickly 
unconsciousness  of  suffocation  comes  in  an  atmosphere  of  smoke. 
The  wire  netting  called  for  is  a  positive  danger^  as  often  applied. 

One  of  the  most  experienced  theater  managers  in  America  told 
me  frankly  that  he  knew  the  smoke  vents  on  the  theater  which 
he  then  occupied  would  probably  not  open  in  winter  unless  a  man 
should  first  pry  them  loose  with  an  iron  bar;  but,  said  he,  "I 
have  not  heretofore  seen  anything  better,"  and  so  after  the  Iro- 
quois he  had  set  his  stage  carpenter  at  work  to  invent  something. 

Doubtless,  there  are  good  smoke  vents  here  and  there  that 
have  been  designed  and  built  with  skill  and  conscience,  for 
the  problem  is  not  so  very  difficult,  but  I  have  not  yet  seen  one  of 
these  vitally  important  pieces  of  apparatus  in  which  the  design 
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had  been  worked  out  with  reasonable  degree  of  perfection  of  de- 
tail. *'  Something  good  enough  to  pass  the  building  inspector" 
ap[>ear8  to  have  been  the  current  specification,  instead  of  the 
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proper  specification  of  "  a  vent  of  ample  area  that  will  he  sure 
to  open  wide^  instantly^  without  human  intervention^  and  that  can- 
not be  stopped  hy  warping^  settlement^  obstruction^  f^ost^  snow^ 
rustj  dirtj  or  ordinary  ?ieglect.^^ 

I  do  not  know  who  first  fixed  this  ratio  of  one-tenth  for  size  of 
ventilator,  the  same  figure  thSit  appears  in  the  old  rule  of  the 
London  County  Council.  Its  author  may  have  built  wiser  than 
he  knew,  or  may  have  taken  it  from  the  well-proved  ratio  of  the 
common  home  fireplace  chimney.  It  works  out  as  safe  when 
computed  mathematically  on  theoretic  grounds  from  the  uncer- 
tain data.  The  material  is  so  favorably  disposed  for  ignition  that 
the  rapidity  of  combustion  is  largely  a  question  of  the  air  supply. 

I  am  led  by  computation  and  precedent  and  the  need  of  some 
factor  of  safety,  to  concur  in  the  wisdom  of  the  ratio  of  one- 
eighth  or  one-tenth,  as  already  specified  by  the  building  laws  of 
the  great  majority  of  our  American  cities,  and  I  believe  it  wise  to 
base  it  upon  the  gross  area  of  the  stage  floor  rather  than  upon 
proscenium  opening  or  cubical  contents  of  the  stage. 

I  have  seen  here  in  Xew  York,  in  a  recent  theater,  a  case  where 
the  inspector  had,  perhaps  temporarily,  forgotten  the  wording 
of  the  law  and  figured  it  on  the  area  directly  in  behind  the  curtain, 
omitting  much  of  the  floor  space  at  the  sides.  This  is  wrong  be- 
cause, given  a  large  stage,  there  is  a  well-proved  tendency  to  per- 
mit an  unnecessarily  large  amount  of  combustible  material  upon 
it,  and  it  not  infrequently  happens  that  the  scenery  of  next 
week's  new  attraction  may  be  found  stored  at  the  side  and  rear 
during  the  Saturday  night  performance. 

I  was  earnestly  desirous  of  making  some  practical  tests  in  the 
Iroquois,  for  the  additional  flames  could  have  causeii  no  injury 
beyond  that  already  wrought,  and  the  practical  demonstration 
which  I  am  confident  would  have  been  given  regarding  the 
efficiency  of  automatic  sprinklers  and  proper  smoke  vents  would 
have  hastened  their  general  introduction.  Of  course  such  tests 
would  have  been  made  under  greatest  precautions  and  with  city 
fire  department  at  hand  in  force,  but  while  many  of  the  most 
important  interests  readily  consented  a  few  of  those  owning 
surrounding  property  objected. 

T/ie  Austrian  Experiments  of  1885. 

Following  the  great  theater  fire  in  Vienna,  a  committee  of  the 
Austrian  Society  of  Engineers  (Yereines  der  Techniker,  in  Ober 
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Osterreich)  built  a  model  of  the  Ring  Theatre  on  one-tenth  of  its 
lineal  scale,  which  thus  contained  only  one-one-thousandth  of 
the  cubic  contents  of  the  original,  and  made  many  tests  and 
experiments. 

The  experiments  wer^  divided  into  two  groups,  the  first  com- 
prising those  in  which  no  ventilators  were  opened  over  the  stage, 
while  in  each  of  the  experiments  of  the  second  group  two  ventila- 
tors were  opened,  having  a  combined  area  which  according  to  the 
scale  of  their  drawing  I  find  was  very  nearly  one-tenth  of  the  area 
of  the  stage.  In  the  first  series  of  tests  made  by  igniting  sheets 
of  palmer  hung  to  represent  the  scenery,  but  containing  proportion- 
ally far  less  combustible  material  than  is  often  hung  on  a  theater 
stage,  they  found  that  the  expansion  of  the  air  caused  by  the  heat 
quickly  farced  the  curta'ui  outward  from  the  j>ro8cenuim  arch,  and 
within  about  twenty  seconds  from  lighting  the  fire,  this  heating 
of  the  air  produced  an  excess  of  atmospheric  pressure,  much 
greater  than  that  of  the  ordinary  pressure  of  city  gas,  thereby 
explaining  why  it  was  that  the  lights  in  the  Ring  Theater  became 
so  quickly  extinguished  after  the  outburst  of  the  fire. 

In  the  second  series  of  these  Austrian  experiments,  their  models 
of  the  ventilating  shafts  were  closed  by  sheets  of  paper,  and  as 
soon  as  these  smoke  vents  burned  oi)en,  all  excess  of  air  pressure 
disappeared  from  the  auditorium,  and  indeed,  the  updraft  drew 
the  proscenium  curtain  inward  over  the  stage. 

During  these  experiments  an  unexpected  warning  ^vas  given 
against  covering  smoke  vents  by  wire  screens,  for  it  was  found 
the  flying  bits  of  charred  paper  carried  up  by  the  draft  almost 
completely  closed  them.  To  show  how  little  this  warning  of  the 
Austrian  Societj^  of  Engineers  has  become  incorporated  in  current 
practice,  I  maj^  call  attention  to  the  building  law  of  New  York 
(Mty,  which  rc/jvires  that  underneath  all  of  these  skylight  o))en- 
ings  designed  as  smoke  vents,  wire  netting  must  be  stretched; 
the  law  apparently  never  considering  how  quickly  this  will 
l>ecome  so  clogged  as  to  destroy  in  large  part  the  utility  of  the 
smoke  vent.  At  my  visit  to  the  remodeled  Iroquois,  I  found  the 
oj>enings  in  their  new  ventilating  shafts  screened  by  wire  netting 
in  a  way  that  would  probably  idthln  a  mlnute\H  time  put  them 
into  a  condition  of  tittelessness  l)ecause  of  the  fragments  ot  burn- 
ing cloth  and  embers  with  which  they  would  be  immediately 
covered  under  the  strong  ujnlraft,  all  of  course  with  a])proval  of 
architect  and  building  inspector! 
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The  committee  of  the  Austrian  Society  of  Engineers  concladed 
that  the  outburst  of  flame  and  smoke  into  the  upper  part  of  the 
auditorium  and  the  extinguishment  of  gas  lights  in  a  theater 
could  all  he  prevented  hy  ^providing  ddequobte  smoke  vents  over 
the  stage,  and  places  these  smoke  vents  as  the  feature  of  first  im- 
port in  safeguarding  life  in  theaters,  and  says  that  without  them 
emergency  exits  and  fire  curtains  will  be  of  no  avail;  and  in 
this  conclusion  I  most  heartily  concur,  for  I  had  independently 
reached  it  from  my  investigations  following  the  Iroquois  disaster, 
prior  to  learning  of  the  experiments  of  the  Austrian  engineers. 

Eegarding  the  mechanical  construction  of  these  smoke  vents, 
the  Austrian  committee  says, "  It  is  necessary  that  these  be  opened 
instantly  upon  the  outbreak  of  the  fire;  mechanical  contrivances  of 
iron  to  be  operated  by  human  means  will  certainly  fail,  for,  ac- 
cording to  all  experiences  in  theater  fires  thus  far,  fright  on  the 
part  of  the  employees  prevents  the  use  of  such  arrangements." 
They  warned  against  automatic  contrivances  whose  action  may 
be  interfered  with  in  consequence  of  rust  or  expansion  by  heat, 
and  against  sheet  iron  valves  falling  inward  by  their  own  weight, 
which  might  be  restrained  from  falling  open  by  the  excess  of 
pressure  due  toupdraft,  and  finally  recommended  that  these  shafts 
be  closed  by  a  quickly  combustible  tissue  of  hemp  or  jute  covered 
with  varnish  or  celluloid,  and  with  a  hole  about  one  and  one-half 
inches  in  diameter  in  the  center  to  invite  quicker  ignition.  Our 
Austrian  friends  were  unfamiliar  with  the  American  fusible-solder 
link,  which  is  certainly  quicker  and  safer  and  in  every  way  far 
more  practical  than  any  such  tissue  of  varnished  hemp.* 

*  Austrian  Experiments  of  1905. 

While  revising  the  proofs  of  the  above  for  publication  in  the  yearly  yolame, 
report  comes  of  a  second  series  of  tests  on  a  somewhat  larger  scale,  made  on  and 
about  Nov.  22,  1905,  in  Vienna  at  the  expense  of  the  Austrian  government, 
on  recommendation  of  the  Austrian  Engineers  and  Architects  Af*sociation.  From 
the  brief  preliminary  report  in  Eng.  News  of  Jan.  18, 1906,  the  following  is  taken: 

The  model  theater,  constructed  of  reinforced  concrete  especially  for  these  tests, 
had  a  stage  24.6  ft.  wide,  19.7  ft.  deep,  25.3  ft.  high,  with  a  proscenium  opening 
11  ft.  wide  and  8.5  ft.  high.  The  auditorium  was  18  ft.  wide,  23  ft.  deep,  15.4  ft. 
high,  or  in  general  had  about  ^  the  linear  dimensions  of  the  ordinary  theater,  and 
therefore  about  ^V  o^  it.s  cubic  capacity. 

The  tests  made  by  burning  old  scenery  and  sheets  of  paper,  representing  pro- 
portionally the  amount  of  combustible  for  two  performances,  showed  that  with 
smoke  vents  of  total  area  of  11  percent,  of  the  stage  area  opened,  the  smoke 
ascended  through  these  vents  over  the  stage  with  no  suggestion  of  danger  to  the 
])ersons  in  the  auditorium,  except  that  near  the  proscenium  opening  the  heat  was 
somewhat  severe. 
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FttsU)le  Links  for  Opening  Smoke    Vents, 

These  links  have  been  in  common  use  on  automatic  fire  shut- 
ters and  fire  doors  in  our  factories  for  twenty  years.  Three 
types   of  these  links  are  shown  in   Fig.   4.     Each  is   reliable, 

Oq  the  other  hand,  in  tests  witli  sta^e  vents  closed  and  cartain  down,  it  was 
bulfired  out  toward  the  audience  and  lifted  from  the  floor  at  the  bottom,  and 
the  aadit«>rium  was  soon  filled  with  smoke. 

In  a  later  experiment  with  sprinklers  spraying  the  fire,  on  opening  a  door  or 
Tentilator  in  the  aoditorium  gallery  some  steam  and  hot  gases  were  drawn  into 
the  andirorinm,  notwithstanding  the  stage  smoke  vents  were  open. 

As  a  whole  these  testa  again  demonstrated  the  importance  and  the  remark- 
able efficiency  of  a  smoke  vent  over  the  stage,  of  about  11  per  cent,  of  its  area. 

It  is  of  interest  to  note  that  these  two  pets  of  Austrian  experiments  have 
given  a  complete  answer  to  two  of  the  puzzling  questions  of  the  (ire  at  the  Ring 
ThoatT©.  At  the  inquest  the  man  was  sought  who  was  supposed  to  have  turned 
off  ill  •  gas  f.-om  fear  of  an  explosion,  thus  leaving  the  house  in  darkness  while  the 
audience  and  actors  were  struggling  to  escape;  he  was  not  found.  Both  series  of 
these  experiments  on  the  theater  models  show  that  a  back  pressure  of  air  in  the 
auditorium  more  than  sufficient  to  force  the  gas  back  in  the  pipes,  and  thus 
extinguish  the  lights,  was  produced  by  the  rapid  expannion  of  the  air  over  the 
stage  due  to  the  heat  of  the  fire.  Indeed,  this  quick  back  pressure  was  found  suf- 
ficient to  account  for  the  bursting  open  of  the  large  scene  door  at  the  back,  which 
it  had  been  supposed  was  opened  inadvisedly,  thereby  causing  the  draft  which 
blew  the  suffocating  smoke  into  the  auditorium. 

I  have  not  the  full  report  of  these  later  tests  at  hand.  In  studying  the  reports 
of  the  Austrian  tests  of  1885,  I  am  unable  to  believe  that  the  back  pressures  due 
to  expansion  of  air  are  ever  likely  to  be  so  large  in  an  actual  theater  fire  as  those 
developed  in  the  model  tests  and  carefully  mea<*ured  on  the  manometers.  I  saw 
DO  evidence  of  so  great  pressures  at  the  Iroquois,  and  failed  to  find  evidence  in 
the  t»^fimony  of  the  eye-witnesses,  although  the  conditions  were  favorable  for 
very  rapid  burning.  I  have  no  doubt  there  may  have  been  nufllrient  pressure 
momentarily,  at  the  end  of  the  first  half-minute  or  full  minute,  to  blow  the 
curtain  strongly  outward,  but  the  absence  of  noorching  of  wood  and  textiles 
an>und  the  opened  rear  stage  door  shows  conclusively  that  after  this  was  opened 
tlie  air  current  there  was  continuously  inward. 

In  the  Austrian  experiments  of  1885,  with  smoke  vents  closed,  air  pressures 
were  developed  momentarily  at  from  20  to  30  seconds  after  lighting  the  fire — ss 
great  as  %  lb.  per  square  inch,  or  equivalent  to  5  or  7  inches  of  water  column  or 
%'l  to  88  lbs.  per  square  foot !  With  smoke  vents  covered  by  thin  paper  which 
quickly  burned  open  the  exr«sa  of  nir  pressure  on  the  stage  was  only  momentarily 
fH|uivalent  to  0.07inrh  of  water  column,  with  no  excess  observed  in  the  auditorium. 

The  preliminary  reports  of  the  Austrian  experiments  of  1905  show  that  with 
iimoke  vents  closed,  even  a  steel  proscenium  curtain  was  no  snflirient  safeguard 
for  tlie  audience.  The  air  pre.'-sure  due  to  expansion  held  it  from  lowerint; 
promptly,  and  when  lowered  the  suffo<-jiting  gas  and  flames  were  driven  past  its 
Inonely  fittinjc  edges  into  the  auditorium.  With  smoke  vents  open  a  proscenium 
cQrtaln  was  hardly  necessary. 
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practical  and  successful,  as  proved  by  years  of  use.  They  can  be 
obtained  from  any  of  the  manufacturers  of  automatic  sprinklers. 

It  is  strange  almost  beyond  belief  how  slowly  and  scantily  these 
have  found  their  way  into  the  fire  protection  of  theaters. 

These  links  melt  open  at  about  one  hundred  and  sixty-two  de- 
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grees  Fahrenheit,  and  thus  will  open  long  before  flame  reaches  them. 
Their  cost  is  trifling.  They  are  stamped  out  of  sheet  brass, 
soldered  with  ''  fusible  solder,"  the  formula  for  the  162°  F.  alloy 
being 

Tin 12  per  cent. 

Lead 25 

Bismuth 50   "       " 

Cadmium J^3 

Total 100    -       " 
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links  like  those  shown  in  Fig.  4,  tested  to  immediate  rupture, 
will  break  under  a  load  of  about  two  hundred  to  five  hundred 
pounds,  but  can  be  trusted  to  sustain  continuously  a  load  of 
only  about  fifty  to  one  hundred  pounds.  Our  tests  show  that 
the  solder  becomes  somewhat  weaker  in  warm  air  than  in  cool 
air.  Probably  in  an  atmosphere  of  100°  F.  the  links  would  safely 
sustain  10  per  cent,  to  20  per  cent,  less  load  than  in  an  atmos- 
phere at  60°  to  70°  F. 

All  of  the  known  solders  that  fuse  at  low  temperature  are 
subject  to  stretching  or  ''cold  flow"  under  long-continued 
loads,  unless  these  loads  are  made  extremely  small,  and  one  of 
the  most  important  features  in  the  design  of  any  such  link  is  to 
make  the  direct  stress  upon  the  solder  small  and  in  tension  over 
a  large  area,  rather  than  by  shear. 

The  links  shown  in  Fig.  4  will  open  with  about  the  same 
promptness  as  an  automatic  sprinkler.  In  a  test  oven,  immersed 
in  an  atmosphere  of  four  hundred  degrees  Fahrenheit,  these  vari- 
ous forms  of  link  open  in  35  to  100  seconds;  in  five  hundred  de- 
grees, in  25  to  75  seconds. 

At  top  of  rigging  loft  over  a  fire  like  that  on  the  Iroquois 
stage,  fusible  links  probably  would  open  within  30  to  60  seconds 
after  the  blaze  got  a  good  start,  and  in  ample  time  before  the 
smoke  would  burst  out  under  the  proscenium  arch.  There  is 
ample  sjmce  in  the  banging  loft  to  pocket  the  smoke  for  the 
first  minute  or  two.  At  the  Iroquois  fire  statements  of  eye- 
witnesses indicate  that  it  was  probably  fully  two  minutes  before 
the  smoke  rolled  out  into  tlie  auditorium.  I  was  surprised  to 
find  on  measurement  of  the  Iroquois  plans  that  the  volume  of 
air  space  above  the  level  of  tlie  arch  was  greater  over  the  stage 
than  over  the  auditorium. 

The  sensitiveness  of  these  links  or  their  quickness  of  action  under 
nio<lerat«  <legrees  of  heat  depends  on  the  thinness  of  the  mass  of 
metal  to  be  warmed  up,  and  therefore  on  the  ra])i(lity  with  which 
it  absorbs  heat  enough  to  melt  the  solder.  These  two  character- 
istics— the  wejdvness  of  the  fusible  solder  under  long-continued 
strain,  an<l  the  necessity  for  I'apid  absorption  of  heat,  limit  the 
size  and  strength  of  fusible  link  that  can  be  employed;  but  it  is 
easy  to  so  design  the  connections  that  the  strain  will  be  about  fifty 
I><)unds,  thus  large  enough  to  override  dust,  rust  and  potty  dv- 
ningements  an<l  small  enough  to  be  within  the  (•a])acity  of  the 
fusible  link.     In  many  situations  a  link  is  desireil  of  such  form 
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and  size  that  when  inserted  in  a  rope  it  can  run  over  the  ordi- 
nary pulley. 

Imperfections  of  Smoke-Vent  Design. 

Concerning  the  design  of  smoke  vents,  those  that  I  have  seen 
in  actual  use  have  been,  with  hardly  an  exception,  imperfect  pieces 
of  mechanical  design.  At  certain  of  the  most  recent  New  York 
theaters  I  have  found  the  type  which  appears  to  be  the  favorite 
for  meeting  the  New  York  building  law,  set  with  such  a  clearance 
as  to  give  a  very  unnecessary  degree  of  ventilation,  which  tempts 
the  theater  mechanic  to  stop  the  draft  by  some  means  that  may 
prove  dangerous.  It  is,  moreover,  so  heavy  and  unwieldy  that 
it  cannot  be  frequently  tested  by  opening  and  closing,  and  to 
wait  for  the  burning  of  a  hempen  cord  to  open  a  device  of  this 
kind  should  be  regarded  as  criminal  negligence  when  it  can  be 
done  so  much  better  and  quicker  by  the  automatic  fusible  link. 

Smoke-Verit  Designs  by  the  Author. 

To  meet  the  proper  suggestion  that  one  should  not  merely  criti- 
cise without  presenting  a  better  device,  and  as  a  means  of  illus- 
trating that  the  problem  can  be  solved  along  various  lines  of 
design,  I  have  worked  out  two  models,  shown  in  the  accompanying 
drawings.  I  am  certain  that  with  the  experience  to  be  gained  in 
constructing  one  after  another,  these  designs  could  be  improved 
upon.  It  is  desirable  that  the  total  smoke-vent  area  of  one- 
eighth  or  one- tenth  the  stage  be  subdivided  into  four  independent 
units  for  convenience  in  size  and  for  the  further  safeguard  that 
should  one  stick  there  are  three  others  left. 

The  fundamental  requirements  for  a  theatre  smoke  vent  are: 
1st.  Absolute  certainty  of  opening  by  force  of  gravity,  in 
spite  of  neglect,  rust,  dirt,  frost,  snow,  or  expansion  by  heat, 
twisting  or  warping  of  the  framework. 

2d.  Quickness  of  opening  to  be  secured  by  automatic  links 
of  the  thinnest  metal  practicable,  and  also  by  controlling  the 
dooi's  by  a  cord  run  down  to  the  prompter's  stand  and  to  the 
station  of  the  stage  fire-guard. 

3d.  Simplicity  and  massiveness  of  the  operative  mechanism 
of  the  smoke  vent.  This  should  be  designed  not  as  a  watch- 
maker would  build  it,  but  more  according  to  the  standards  of 
railroad  service  or  rollitig-mill  practice.  The  counterpoise 
weights  should  be  heavy,  and  a  constant  tension  on  the  re- 
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lease  cord  of  upward  of  thirty  or  forty  pounds  so  that  rust, 
cobwebs  or  temperature  changes  may  not  be  of  noticeable 
effect  in  the  resistance  to  be  overcome. 

4th.  Daily  Tests. — It  should  be  of  such  form  that  it  can  be 
tested  daily,  or  at  least  at  the  weekly  inspection,  by  partially 
opening  it,  preferably  closing  it  again  by  means  of  the  cord 
running  to  the  prompter's  stand.  It  may  perhaps  add  to  the 
safety  if  it  is  of  such  design  that  it  can  be  used  whenever 
needed  for  the  ordinary  ventilation  of  the  stage,  summer  or 
winter,  rain  or  shine,  thereby  keeping  it  under  constant  view 
and  bringing  into  immediate  notice  any  difficulty  about  its 
opening  or  lack  of  repair. 

In  the  first  of  these  designs  submitted,  shown  in  Figs.  5,  5a,  5b, 
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5c,  5d,  the  opening,  eight  by  twelve  and  one-half  feet,  of  which 
four  would  be  needed  over  the  stage  of  ordinary  size,  has  a  roof 
for  protection  from  rain  and  has  vertical  sides  that  contain  foui 
small  windows  for  admitting  abundant  daylight  to  the  rigging 
loft,  but  which  can  be  closed  by  ordinary  window  shades  for  dark 
scenes.  All  necessity  for  the  wire  screen  is  avoided.  The  ver- 
tical shaft  may  well  be  three  to  five  feet  taller  than  shown.  The 
four  shutters  fall  outward  lest  the  pressure  of  the  updraft  tend  to 
hold  them  shot,  and  are  pulled  open  hy  force  of  gravity^  opening 
to  the  full  area  called  for.      The  pull  on  the  rope  holds  them 
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against  their  seat,  which,  if  made  with  a  thin  edge  pressing 
loosely  against  fibrous  material,  as  shown,  will  be  more  tight 
against  cold-air  drafts  than  a  common  window  sash  or  house  door. 
Fusible  links  are  inserted  in  each  of  the  four  branches  of  the 
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8mokk  vent.    monitor  ty1»e 
iiohizontal  section 
Fig.  5a. 


smoke  vent.     monitor  type 
side  elev.\tion 
Fig.  5b. 


cokI.  .Vo  iiprinl'ler  fiho^dd  he  jyJaced  vp  loithin  the  monitor  con- 
tainhxj  these  Ihiks,  lest  perchance  the  sprinkler  open  first  and 
chill  the  links,  and  care  should  be  taken  that  the  links  are  of  a 
thin,  quickly  sensitive  type. 
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In  the  second  design,  Fig.  6,  the  sliding  type  is  used.     This 
obviously  cannot  be  used  as  an  ordinary  ventilator  in  rainy  days. 


Fig.  5c. 
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DETAIL  OF  WEIGHT 
FOR  SHUTTER  OF  SMOKE  VENT,  MONITOR  TrPE 
Ficj.  Od. 


The  s|H?cial  effort  in  remodeling  this  from  the  current  >ie\v  York 
tyi>e  has  been,  first,  to  place  the  glass  in  the  vertical  side  so  that 
no  necessity  remains  for  a  wire  screen  to  catch  any  broken  ghiss. 
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Fio.  6a. — Detail  Automatic  Smoke  Vent.    Sliding  Type.    Details  op  Anti- 
friction Truck  and  of  Cold- air  Stop. 

Second,  to  provide  a  better  track  and  trucks  and  arrange  the 
joints  so  that  the  leakage  of  air  through  the  clearance  space  would 
not  tempt  the  janitor  to  close  the  space  by  something  that  may 
interfere  with  the  sliding  open.  Common  cotton  fabric  garden 
hose,  paraffined  outside  and  with  an  elastic  lining  or  with  a  thin 
wire  spiral  inserted,  meets  the  need  for  a  yielding,  non-adhesive 
packing,  if  applied  as  shown. 

A  thinl  sketch,  Fig.  7,  shows  an  arrangement  of  a  safety  ven- 
tilating shutter  that  sometimes  can  be  conveniently  placed  in  the 
brick  wall  near  the  top  of  the  rigging  loft. 

It  is  dangerous  economy  to  be  niggardly  about  providing  the 
best  design  and  workmanship  for  the  smoke  vents,  because  these 
are  the  most  important  of  all  the  structural  safeguards  to  life  in 
a  theater. 

AUTOMATIC    SPRINKLERS. 

The  second  safeguard  in  onler  of  importance  is,  in  my  opinion, 
complete  equipment  with  automatic  sprinklers  over  the  stage 
and  throughout  all  rooms  and  nooks  and  corners  except  in  the 
auditorium. 

It  is  now  twenty-five  years  since  a  former  vice-president  of 
this  Society,  the  late  Col.  Thos.  J.  liorden,  of  Fall  River,  intro- 
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duced  automatic  sprinklers  in  two  Fall  River  cotton  mills  under  his 
charge,  throughout  picker  rooms,  card  rooms  and  spinning  rooms. 
These  were  put  in  by  Mr.  Frederick  Grinnell,  lately  deceased,  also 
a  member  of  this  Society,  to  whom  more  than  to  any  other  man 
credit  should  go  for  the  development  of  this  greatest  of  safe- 
guards against  fire.  Since  that  time  the  factory  insurance  com- 
panies have  been  slowly  led  by  their  wide  and  varied  experience 


Fig.  7. — Auxiliaky  Smokk  Vents  in  Wall  above  Guidibon. 


of  25  years,  in  thousands  of  factories,  to  urge  automatic  sprinkler 
protection  as  tlie  foremost  of  all  safeguards  against  fire.  In  the 
beginning  they  were  recommended  cautiously,  and  only  over  those 
portions  of  factories  believed  to  be  the  most  hazardous.  Grad- 
ually, as  their  merits  were  proved,  they  were  called  for  through- 
out wider  areas,  until  it  has  come  to  pass  that  out  of  about  two 
thousand  of  the  largest  factories  in  America,  which  entrust  their 
insurance  and  the  supervision  of  their  fire  protection  to  an  organ- 
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zation  with  which  I  have  long  been  connected,  substantially  every 
ten  feet  square  in  mill  and  storehouse  is  under  automatic-sprinkler 
protection.  We  have  records  of  more  than  a  thousand  factory 
tires  that  have  occurred  under  sprinkler  protection,  covering  a 
great  variety  of  conditions,  and  from  my  own  experience  in  what 
sprinklers  can  do  to  control  a  fire  under  adverse  circumstances,  1 
unhesitatingly  recommend  them  as  the  best  of  all  known  means 
for  promptly  controlling  a  fire  that  has  once  got  good  hold  in 
the  scenery  upon  the  stage  of  a  theater.  Like  everything  else  in 
the  mechanical  line,  they  should  be  skillfully  put  in. 

It  has  been  claimed,  as  a  matter  of  intuition,  by  some  who 
have  not  closely  followed  the  experience  with  sprinklers  over 
fires,  that  under  the  high  rigging  loft  of  a  theater,  sprinklers  at 
a  distance  of  sixty  or  perhaps  eighty  feet  above  the  floor  of  the 
stage  would  be  so  remote  from  the  flames  that  they  would  not 
o|)en  with  sufficient  promptness  to  be  of  material  service. 
I  am  confident  that  this  is  untrue.  The  hot  air  from  a  fire 
quickly  travels  over  a  vertical  distance  of  sixty  or  eighty  feet. 
Not  more  than  five  to  ten  seconds'  time  would  be  required  for 
this  rise,  and  the  conditions  for  pocketing  and  confining  the 
heat  tr>  a  small  area  in  the  top  of  the  rigging  loft  of  a  theater  are 
much  more  favorable  than  in  many  portions  of  factories  where 
sprinklers  are  found  to  work  successfully. 

The  rainfall  from  a  series  of  automatic  sprinklers  carries  ten- 
fold more  water  than  that  from  densest  ten  minutes  of  the  heavi- 
est thunder  shower  of  the  ordinary  year. 

With  eighty  square  feet  to  the  sprinkler  and  the  ordinary 
water  pressure,  this  sudden  artificial  rainfall  would  be  at  the  rate 
of  about  twenty-five  inches  per  hour. 

( )ne  series  of  sprinkler  heads  should  be  ])laced  below  the  gridiron, 
and  preferably  another  series  above  it,  these  not  being  vertically 
over  one  another.  Those  in  the  top  series  are  as  likely  to  open 
first,  but  it  is  well  to  be  liberal  and  provide  both  series.  A  line 
should  also  run  along  the  lower  outer  edge  of  each  fly  gallery. 
With  care,  i  skillful  sprinkler  fitter  can  readily  place  and  guard 
all  the  heads  and  pipes  so  the  danger  of  breakage  need  be  no 
greater  than  in  a  factory.  The  one  liuiulred  and  sixty-two-de- 
^ree  solder  should  be  used  and  the  pil)ing  should  be  on  the  ''  wet 
Rvstom.''* 


•  The  fontidation  patents  on  the.-e  di-vices  liave  expired.     Half  a  dozou  difTer- 
rnt  good  makes  are  on  the  market.     Under  the  somewhat  diflicult  conditions  of 
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Stage  scenery,  while  exposed  to  very  rapid  ignition,  is  equally 
well  exposed  to  very  rapid  drenching,  and  the  fact  that  we  have 
so  few  actual  records  of  what  sprinklers  can  do  in  controlling  a 
fire  on  the  stage  is  due  to  the  few  instances  where  sprinklers  have 
been  installed  in  theaters,  or  have  had  an  opportunity  to  demon- 
strate the  work  of  which  they  are  capable.  At  least  there  have 
been  no  failures,  and  there  are  several  most  notable  successes  to 
their  credit.  The  first  was  in  a  case  where  they  had  been  put 
into  a  theater  because  Mr.  Cumnock,  a  factory  manager  who  was 
one  of  the  stockholders,  had  been  satisfied  of  their  eflBciency  by 
fires  that  they  had  extinguished  in  his  cotton  mill. 

This  was  at  a  theater  in  Woonsocket,  R.  I.,  in  which  a  gauze 
piece  took  fire  from  the  border  lights  prior  to  the  performance, 
and  sprinklers  opened  under  the  gridiron  sixty-five  feet  above 
the  floor,  while  other  sprinklers  opened  under  the  roof  eighty 
feet  from  the  floor.*  At  theaters  in  Philadelphia,  in  New  York 
City  and  in  Providence,  R.  I.,  there  have  been  notable  instances 
of  fires  when  the  audience  was  absent,  from  spontaneous  combus- 
tion and  overturned  lamps,  in  which  the  sprinkler  extinguished 
the  flames,  and  from  Manchester,  England,  a  case  is  reported  of 
a  fire  in  a  ^' gauze  sky,"  between  the  acts,  extinguished  by  four 

installing  them  about  a  theater  the  cost  for  sprinklers,  pipes,  fittings  and  erection 
will  average,  perhaps,  $5.00  per  head.  In  factories  the  cost  averages  about  $8.00 
per  head. 

The  heads  are  placed  from  8  to  10  feet  apart,  and  fed  from  the  public  water 
supply  or  from  elevated  tanks.  The  cost  of  tanks  and  main  water  supply  is  not 
included  in  the  estimate  above,  and  is  liable  to  bring  the  total  cost  to  $10.00  per 
head  in  theaters,  varying  widely  according  to  circumstances.  In  cities  with  low 
pressure  a  large  tank  for  water  supply  adds  materially  to  the  expense. 

With  a  stage  of  medium  size,  say  40  x  60,  or  2.400  square  feet  and  80  square 
feet  per  sprinkler,  30  heads  would  be  required  on  the  ceiling  above  the  gridiron, 
and  30  more  just  below  the  gridiron.  About  10  heads  more  would  be  needed  in 
lines  along  the  edge  of  fly  galleries,  and  perhaps  30  more  beneath  the  stage, 
making,  say,  100  sprinkler  heads  for  the  stage  portion  of  a  medium-sized  theater. 

The  dressing-rooms,  auditorium,  basement,  carpenter's  room  and  various  odd 
corners  are  likely  to  call  for  another  hundred  sprinklers,  so  that  200  sprinklers 
would  perhaps  be  an  average  equipment. 

Some  very  large  theaters  have  taken  500  sprinkler  heads. 

The  saving  in  cost  of  insurance  commonly  goes  far  toward  paying  good  inter- 
est on  this  cost,  leaving  the  safeguarding  of  life  as  costing  little  or  nothing. 

*  Tliis  case  was  so  complete  an  answer  to  the  suggestion  that  sprinklers  at 
the  top  of  a  high  stage  are  too  far  off  to  work  with  promptness,  that  I  sent  an 
engineer  to  measure  the  distances  and  sketch  the  surroundings.  These  sprink- 
lers  worked  so  effectually  that  the  wooden  gridiron  was  not  burned.  The  sprink- 
lers  appear  to  have  put  out  this  fire  after  it  got  away  from  the  man  with  the 
stage  hose. 
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sprinklers  thirty  feet  above  the  flies  so  promptly  that  although 
the  stage  and  scenery  were  wet,  the  performance  went  on  without 
the  audience  knowing  just  what  had  been  going  on  while  the 
curtain  was  down.* 

The  reasonable  safety  of  the  public  requires  that  automatic 
sprinklers  be  persistently  urged,  followed  up  and  demanded  under 

♦  Abbreviated  from  The  Standard,  Boston,  February  3,  1906.— At  the  Colonial 
Theater,  Jan.  20th,  the  house  held  a  large  Saturday  matinee  audience.  Near 
the  close  of  the  performance  a  stronic  odor  of  burning  wood  was  noticed.  The 
automatic  alarm  and  sprinkler  signals  worked  perfectly,  and  when  the  firemen 
arrived  it  was  found  that  a  sprinkler  head  had  completely  extinguished  the  fire, 
which  had  caught  in  a  box  of  properties  located  under  the  stage.  "  It  should  be 
required  by  law  that  all  places  of  amusement  be  thoroughly  equipped  with 
sprinklers  and  alarms.     There  are  several  theaters  in  Boston  not  po  equipped." 

From  report  of  Committee  on  Surveys,  N.  Y.  Board  of  Fire  Underwriters. — 
Nov.  29,  1905,  Grand  Opera  House,  New  York  City.  About  7  a.m.  fire  orig- 
inated in  a  quantity  of  scenery  at  side  of  stage.  Cause  unknown.  Thirty-six 
automatic  sprinklers  opened  and  held  fire  in  check.  The  sprinkler  alarm  called 
watchmen,  who  summoned  Fire  Department,  which  completed  extinguishment. 
That  36  sprinklers  were  unsoldered  proves  a  lively  blaze.  (That  fire  could  orig- 
inate in  a  lot  of  scenery  is  interesting  in  view  of  the  fact  that  law  requiring  flame- 
pro  tfi ng  of  all  scenery  is  understood  to  be  now  enforced  in  New  York  City.) 

At  the  Kennington  Theater,  Philadelphia,  July  30, 1895:  Fire  occurred  at  night, 
probably  from  spontaneous  combustion  in  a  newly  painted  drop  curtain,  done  in 
oil  C'»1orf«.  and  communicated  to  a  side-piece  that  stood  against  the  proscenium 
wall.  A  single  automatic  sprinkler  opened  and  thoroughly  drowned  out  the  fire, 
which  the  owner,  Mr.  John  W.  Hart,  believes  would  otherwise  have  quickly 
spread  and  wrecked  his  theater.  He  writes  enthusiastically  recommending  auto- 
matic sprinkler  protection  for  all  theaters. 

At  the  Providence  Opera  House  on  Sunday  morning,  September  23,  1900:  Com- 
bustion started  in  pome  garments  left  on  a  small  trap  below  the  stage— perhaps 
from  a  cigarette  after  the  performance  of  the  previous  evening.  One  sprinkler 
head  located  aboat  eight  feet  above  opened  and  the  sprinkler  alarm  summoned  the 
protective  department,  who  found  the  fire  practically  extinguished  by  the  water 
from  the  sprinkler. 

At  the  Casino  Theater,  New  York,  January  11,  1900,  about  8.15  p.m.:  Fire 
wa««  started  by  the  upsetting  of  a  lamp  in  a  dressing-room  filled  with  flimsy  mate- 
rial. Two  automatic  sprinklers  opened  and,  it  is  said,  prnctically  extinguished 
th«  fire,  although  the  stage  fire  ho>e  was  also  brought  into  service. 

At  the  Queen's  Tlieater,  Manchester,  England,  on  July  20,  1899:  "  As  gas  was 
being  lighted  in  the  wings,  a  gauzo  sky  caught  fire  and  ignited  several  curtains 
or  cloth  hangings  near  it.  Soon  there  whs  a  big  blaze,  but  four  sprinklers  situ- 
tieti  about  30  f«'et  above  the  flies  opened,  almost  immediately,  and  before  the  fire 
brigade  arrived  the  fire  was  out." 

At  White's  Opera  House,  McKeesport,  Pa.,  December  6,  1903:  A  letter  from 
the  proprietor  states  — We  had  a  slight  fire  in  the  basement  yesterday  and  about 
eighteen  apriiiklers  opened.  Thanks  to  the  sprinkler  equipmctit  the  damage 
to  the  building  will  not  exceed  |50.00. 

At  Keith *s  Chestnut  Street  Theater,  Philadelphia:    It  is  reported  that  a  fire 
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the  building  laws  and  police  laws  until  every  theater  using  mov- 
able canvas  scenery  has  this  protection  over  its  stage.  There 
are  half  a  dozen  well-proved  makes,  and  plenty  of  experienced 
sprinkler  fitters  can  be  found  to  properly  erect  them. 

Possibility  of  Leakage  of  Automatic  Sprinklers. 

A  leading  argument  against  automatic  sprinklers  has  been  the 
possibility  that  they  would  break  open  when  there  was  no  fire,  and 
thus  injure  the  scenery.  We  have  statistics  to  show  how  ex- 
tremely small  this  danger  really  is. 

Our  records,  when  I  last  had  them  compiled,  showed  that  out  of 
a  total  of  something  over  three  million  sprinkler  heads  scattered 
through  more  than  two  thousand  different  factories,  losses  from 
premature  discharge  were  occurring  at  tlie  rate  of  about  fifty 
sprinkler  heads  breaking  open  per  year.  This  proportion  of  one 
sprinkler  in  each  sixty  thousand  springing  a  leak  per  year,  svhen 
applied  to  the  conditions  in  a  theater  that  would  commonly  have 
less  than  one  hundred  and  fifty  sprinkler  heads  over  the  stage, 
although  they  were  put  in  both  under  and  over  the  gridiron  and 
under  the  fly  galleries,  would  give  a  probability  at  any  one  par- 
ticular theater  of  a  leak  over  the  stage  once  in  four  hundred 
years. ^  Should  we  admit,  which  is  not  certain,  that  the  danger 
of  knocking  one  of  these  sprinklers  open  by  a  blow  is  greater  in 
the  theater  than  in  the  factory  with  its  moving  machinery,  and 
assume  even  that  they  break  tenfold  more  often,  it  is  plain  that 
this  danger  of  leakage  is  no  just  ground  for  excluding  sprinklers 
from  over  a  theater  stage. 

Our  insurance  companies  do  not  hesitate  to  recommend  them 

occurred  in  one  of  the  dressing- rooms,  presumably  by  fubrics  coming  in  contact 
with  ^as  jet,  although  this  jet  was  protected  by  a  globe.  The  sprinkler  extin- 
guis'ie  I  the  fire  without  outside  assistance,  and,  in  fact,  on  the  arrival  of  the  em- 
ployees no  fire  existed,  but  some  dresses  were  burned  and  the  cleats  to  which  they 
had  hung  were  charred. 

*  Later,  in  going  over  the  repliea  to  my  circular  of  inquiry  sent  to  managers 
of  all  known  sprinkle  red  tlieaters  in  United  States  and  Canada,  I  find  that  cases 
of  the  accidental  bursting  open  of  sprinkler  heads  have  occurred  in  far  greater 
frequency  than  is  found  in  factories.  Perhaps  half  of  the  theaters  reporting 
have  had  one  or  more  such  accidents,  due,  in  nearly  all  cases,  to  allowing  the  tem- 
perature to  f  (11  so  low  that  one  or  two  sprinkler  heads  have  frozen  and  burst.  In 
no  case  doe.n  it  appear  that  any  serious  damage  was  caused.  Obviously,  these  ac- 
cidents siiould  be  charged  to  carelessness  and  not  to  defects  in  the  sprinkler  head; 
and,  obviously,  an  accident  of  this  kind  will  seldom  be  allowed  to  happen  more 
than  once  in  the  same  theater. 
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for  a  packing  and  storage  room  over  a  quarter  million  dollars* 
worth  of  delicate  silks  or  finest  textiles,  and  so  little  do 
we  fear  the  premature  discharge  that  in  the  fire  insurance  we 
guarantee  against  this  water  damage  in  our  fire  policies  with  no 
additional  charge.  Our  careful  records  show  that  we  are  pay- 
ing for  water  damage  by  the  premature  discharge  of  sprinklers 
and  the  bursting  of  their  pipes  and  fittings  from  frost,  blows, 
carelessness  and  inherent  defects,  about  5  cents  per  year  per 
thousand  dollars  of  value  covered! 

The  idea  that  the  fine  spray  or  rain  of  water  from  a  single 
opened  sprinkler  head  falling  vertically  and  probably  invisible  to 
most  of  the  audience  could  produce  a  panic  within  the  audience, 
however  much  it  might  disturb  the  chorus,  is  too  absurd  for  se- 
rious argument. 

Sprinklers,  although  not  so  generally  used  over  the  stage  as 
they  ought  to  be,  have  been  introduced  here  and  there,  and 
in  some  cities  quite  generally.  The  great  theater  at  Bayreuth, 
Bavaria,  the  home  of  the  Wagnerian  opera,  was  completely 
fitte<l  up  with  automatic  sprinklers  eight  years  ago,  666  sprinkler 
heads  being  installed.  I  now  have  the  record  of  about  one  hun- 
dred and  fifty  theaters  that  have  been  sprinklered.  I  sent 
a  circular  letter  to  the  managers  of  many  of  these  theaters 
asking  for  their  experience.  In  no  case  did  I  receive  an  adverse 
criticism,  and  in  the  majority  of  cases  they  speak  in  most  ap- 
preciative terms  of  the  value  of  this  safeguard. 

FIRE    CURTAIN. 

The  third  of  the  safeguards  demanding  investigation  is  the 
curtain  for  closing  the  proscenium  arch. 

^  With  good  smoke  vents  and  complete  automatic  sprinkler  pro- 
tection over  the  stage,  and  with  ample  stairways  from  galleries, 
it  is  probable  that  the  audience  could  escape  from  a  situation  as 
bail  as  that  in  the  Iroquois,  notwithstanding  there  was  a  very 
poor  fire  curtain,  or  perhaps  no  curtain  at  all;  but  in  theaters, 
as"  in  factories,  it  is  wise  to  have  a  second  and  even  a  third  line 
of  defence,  lest  the  first  happen  to  be  inoperative  in  the  moment 
of  need. 

The  fire  curtain  for  covering  the  opening  under  the  proscenium 
arch  in  nearly  all  American  theaters  outside  Chicago,  at  the 
present  time,  is  made  from  a  heavy  canvas  woven  from  asbestos 
tilx»r;  and  in  English  theaters  the  asbestos  curtain  appears  1 
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have  \^in  steadily  fining  in  favor  because  of  its  less  weight  and 
sioaller  coist  in  comparison  with  a  curtain  of  sheet  iron,  stiffened 
by  iron  ribs.  In  Chicago,  because  the  failure  of  the  Iroquois  as- 
(>esU>s  curtain,  and  with  the  excellent  corrugated  iron  curtain  of 
the  Auditorium  Ijefore  them^  the  Aldermanic  Committee  has 
nixide  the  steel  curtain  the  rule.  Chicago  to-day  leads  the  coun- 
try in  the  substantial  quality  of  its  proscenium  curtains,  and  in 
the  pres^^nt  state  of  the  art  they  merit  little  criticism  except  in 
their  lack  of  a  jiositive  down-haul  and  their  need  of  better 
holding  an<I  guiding  in  iron  channels  at  the  edge. 

I.ike  nearly  all  steel-ribl>ed  shutters,  these  steel  curtains  will 
warp  and  twist  off  their  seats  under  ten  to  fifteen  minutes  of 
expr>sure  to  a  severe  fire  unless  securely  held  at  edges,  and  shoold 
smoke  vents  l>e  close<i  and  sprinklers  lacking  and  a  back  door 
open,  their  lcK>se  fit  would  let  volumes  of  suffocating  smoke  and 
tongues  of  flame  pass  by  their  edges  into  the  auditorium.  With 
the  smoke  vents  ojKm  and  the  draft  therefore  inward,  they  will 
serve  their  purpose  until  the  audience  has  escaped  and  the 
lineman  have  arrived. 

S[)ecial  attention  was  directed  to  the  asbestos  curtain  in  tiie 
Irofiuois  fire  from  the  fact  that  the  curtain,  af  though  promptly  let 
looffe,  failed  U>fall;  because,  as  some  say,  it  was  blown  outward 
from  the  stage  by  the  strong  current  of  air;  or  because,  as  others 
say,  it  caught  on  certain  of  the  electric  light  shields. 

It  is  a  fact  that  the  asbestos  canvas  soon  fell  as  mere  rubbish 
U)  the  stage,  but  so  little  that  resembled  a  piece  of  asbestos 
canvas  could  be  found  in  the  wreckage  on  the  stage  that  it  was 
for  some  time  believed  that  the  curtain  had  not  been  made  of 
asl>ostos. 

It  is  now  certain  beyond  question  that  this  Iroquois  curtain 
actually  wfis  ma<le  of  a  good,  ordinary  commercial  quality  of  as- 
bestos canvas,  but  somewhat  thinner  than  the  very  best,  and  it  is 
doubtless  true*,  that  this  Iroquois  curtain  was  just  as  good  as  those 
which  hang  to-day  in  the  great  majority  of  our  theaters.  I 
y)ersonally  found  fragments  of  this  asbestos  cloth  in  my  first 
examination  of  tho  stage  while  everything  was  just  as  the  fire  left 
it,  and  later  I  sfcured  samples  which,  although  brittle,  "  rotten," 
or  without  cohesion  of  fiber,  are  in  all  respects  similar  to  what  I 
obtained  by  exposing  a  sheet  of  new,  thoroughly  first-class 
asbestos  cloth  to  a  moderate  flame  temperature  for  the  space  of 
five  minutes. 
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The  asbestos  curtain  at  the  Iroquois  theater  was  an  utter  failure 
in  three  different  ways  : 

1st,  as  already  stated,  it  could  not  be  lowered,  and  stuck 
fast  after  descending  a  distance  variously  estimated  at  from 


Fio.  8. — A  Sample  of  thk  Ikoquois  Cuktaix  taken  fkom  the  Stage  afteh 

THE  Fire. 
(From  a  photo.) 

one-fourth  to  one-half  the  hei<^ht  of  the  proscenium  arch. 
2<1,  the  Iroquois  curtain  was  improperly  hung,  being 
supported  at  the  top  in  part  by  being  clamped  between 
thin  strips  of  ])ine  wood  about  four  inches  in  width  by 
three-fourths  of  an   inch  in   thickness.     (80  tolerant  is   the 
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public  and  so  easy  are  public  building  inspectors,  that  I  have 
myself  seen  in  actual  use  in  several  theaters  examples  of  an 
asbestos  curtain  hung  from  a  batten  of  white  pine  to  which 
it  was  nailed  across  the  top.) 

3d,  the  asbestos  canvas  of  the  Iroquois  curtain,  when  ex- 
posed to  actual  fire,  lost  its  strength  and  fibrous  quality 
almost  completely,  and  became  so  brittle  that  it  would 
crumble  under  a  very  slight  pressure,  and  became  utterly 
incapable  of  withstanding  the  pressure  of  a  strong  draft  of 
air,  and  too  weak  to  hang  up  under  its  own  weight. 

CONCERNING   ASBESTOS. 

The  word  "asbestos"  has  become,  in  the  public  mind,  a  syn- 
onym for  perfection  in  fire-proof  material,  but  the  investigations 
now  to  be  described  have  made  me  believe  that  a  simple  asbestos 
curtain  of  even  the  very  best  quality  will  not  form  a  durable  and 
certain  fire  screen  for  the  proscenium  arch  when  exposed  to  a 
bad  fire. 

Any  asbestos  curtain  may  be  expected  to  resist  the  ridiculously 
inadequate  test  of  the  flame  of  a  gasoline  torch,  and  any  well 
hung  asbestos  curtain,  if  it  can  he  pulled  down^  will  probably  en- 
dure longer  than  the  brief  period  of  two  or  three  or  four  minutes, 
within  which  it  should  be  possible  to  empty  any  theater;  and 
meanwhile  it  might  servre  a  most  useful  purpose  in  screening  the 
flames  from  direct  view. 

In  opposition  to  the  failure  of  the  Iroquois  asbestos  curtain  we 
have  an  interesting  test  of  action  of  asbestos  curtain  and  smoke 
vents  combined  in  the  fire  that  destroyed  the  Girard  Avenue 
Theatre  in  Philadelphia,  on  October  28,  1904,  and  which  broke 
three  hours  after  midnight  on  the  stage  when  no  one  was  present. 
On  the  arrival  of  the  public  fire  department,  three  minutes  after 
the  first  alarm,  the  flames  were  coming  out  of  the  skylight  venti- 
lators over  the  stage,  which  it  is  said  were  of  one-eighth  the  stage 
area,  and  had  opened  automatically.  The  firemen  at  first  found 
no  fire  or  smoke  in  the  auditorium,  and  the  curtain  hung  there, 
and  probably  with  the  aid  of  the  cool  indraft  toward  the  stage, 
kept  flames  out  of  auditorium  for  a  period  said  to  be  fifteen 
minutes.  Shortly  after  this  the  fire  somehow  passed  into  the 
auditorium;  doubtless  around  the  edge  of  the  curtain  or  by  the 
curtain  becoming  ruptured  by  falling  material.     It  is  curious  to 
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observe  how  this  case  has  been  quoted  as  a  triumph  for  the  asbestos 
curtain,  while  the  more  important  part  played  by  the  smoke  vents 
was  completely  lost  sight  of! 

While  I  regard  this  record  as  more  of  a  triumph  for  the  smoke 
vent  than  for  the  curtain,  it  is  of  great  interest  to  note  that  under 
existing  conditions,  whatever  they  Avere  as  to  quantity  of  burn- 
ing scenery,  this  curtain,  with  the  open  smoke  vents  of  one- 
eighth  the  area  of  the  stage,  lasted  much  more  than  long  enough 
to  have  covered  the  escape  of  an  audience.  In  all  probability, 
this  fire  was  much  less  fierce  and  rapid  than  the  Iroquois  and  had 
far  less  scenery  on  the  stage. 

In  the  United  States  asbestos  canvas  costs  anywhere  from 
$1.25  to  $3.50  per  square  yard,  according  to  weight  and  texture, 
and  a  proscenium  curtain  of  asbestos  may  cost  anywhere  from 
say  $175  to  $600. 

In  order  to  learn  what  difference  there  might  be  between  dif- 
ferent makes  and  grades  of  asbestos  canvas,  I  obtained  through 
various  channels  samples,  each  one  or  two  yards  square,  from 
all  of  the  prominent  American  manufacturers  of  theater  curtains 
and  also  from  each  of  the  American  manufacturers  of  asbestos 
cloth.  I  also  cabled  to  London  and  had  an  architect  familiar  with 
theatrical  work  collect  samples  of  asbestos  curtain  cloth  none  less 
than  a  yard  square  from  the  leading  English  manufacturers  and 
dealers,  under  instructions  to  use  every  effort  to  procure  some 
canvas  that  was  woven  from  French  or  Italian  or  other  than 
Canadian  fiber. 

When  pressed  hard  for  the  pedigree  of  their  samples,  no  one 
of  these  makers  would  furnish  asbestos  canvas  under  a  guarantee 
that  it  was  made  from  anything  other  than  the  Canadian  fiber, 
and  on  chemical  analysis,  all  of  our  specimens  of  canvas,  obtained 
either  at  home  or  abroad,  were  found  to  be  of  a  chemical  con- 
stitution similar  to  that  of  the  Canadian  fiber. 

The  Canmlian  mineral  is  not  the  kind  to  which  the  name  asbes- 
tos was  first  applied  and,  strictly  speaking,  is  not  true  asbestos. 

The  Canjwlian  asbestos  is  a  fibrous  crystalline  variety  of  ser- 
pentine and  contains  about  thirteen  per  cent,  of  water  in  chem- 
ical combination,  plus  a  little  hygroscopic  water;  whereas  the 
form  to  which  the  name  asbestos  was  first  applied  by  the  ancients 
container!  no  combined  water  whatever. 

There  are  two  or  three  minerals  of  very  different  chemical  con- 
stitution which  go  under  the  name  of  asbestos: 
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1.  Chrysotile,  which  contains  about  fifteen  per  cent,  of 
water,  twelve  and  nine- tenths  per  cent,  chemically  combined, 
and  about  two  per  cent,  hygroscopic.  This  is  essentially  a 
silicate  of  magnesia. 

2.  Tremolite,  which  is  anhydrous  and  is  a  silicate  of  lime 
and  magnesia,  with  sometimes  a  little  iron. 

3.  There  is  a  mineral  which  is  asbestiform  in  character, 
a  silicate  of  iron  and  magnesia,  known  as  anthophyllite. 

The  first  named  loses  its  strength  at  about  six  hundred  and  sixty 
degrees  Centigrade,  or  just  below  redness,  on  the  driving  off  of 
its  water,  but  the  last  two,  containing  no  combined  water,  stand 
more  heat  and  are  said  not  to  fuse  until  about  thirteen  hundred 
degrees  Centigrade,  equal  to  twenty -four  hundred  degrees  Fah- 
renheit, is  reached.  We  did  not  measure  this  high  fusing  point. 
The  behavior  of  some  filaments  in  a  blast  lamp  indicates  a  lower 
fusing  point  for  the  tremolite  asbestos  than  as  just  stated  on 
text-book  authority. 

The  Canadian  fiber  is  Chrysotile.  This  is  now  the  common 
asbestos  of  commerce,  and  possessing  in  greater  degree  than  the 
others  the  properties  required  for  spinning  and  weaving,  has  come 
to  be  the  only  kind  used  in  the  manufacture  of  asbestos  canvas. 

The  Georgia  asbestos,  although  free  from  water  in  its  chemical 
combination,  and  tlierefore  not  decomposing  at  low  red  heat,  has 
for  the  most  part  a  fiber  too  brittle  for  spinning,  and  is  used  for 
purposes  not  requiring  strength  of  fiber. 

The  anhydrous  Tremolite  and  amphibole  asbestos  are  also  found 
in  Siberia  and  in  South  Africa,  but  all  the  anhydrous  asbestos 
mined  or  quarried  makes  up  an  insignificant  part  of  the  asbestos 
of  commerce,  and  although  some  of  the  cabinet  specimens  of 
anhydrous  asbestos  have  long,  silky,  pliable  fiber,  I  was  unable 
to  anywhere  obtain  cloth  made  from  anhydrous  asbestos. 

Several  kinds  of  asbestos  canvas  can  be  procured  in  the  market. 
There  is  a  distinction  sometimes  made  in  the  trade  between  '^  ab- 
solutely pure"  asbestos  canvas,  which  contains  no  cotton,  being 
made  for  filter  cloth  or  other  industrial  purposes,  and  ''com- 
mercially pure"  asbestos  canvas,  which  may  contain  from 
five  per  cent,  to  fifteen  per  cent,  of  cotton  carded  in  with  the 
asbestos  fiber.  These  can  be  distinguished  by  picking  a  piece  of 
the  yarn  into  fine  feathery  condition  and  touching  a  match  to  the 
ends  of  the  fiber  and  noting  the  flash  and  smell  of  burned  cotton. 
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Certain  maaufacturers  claim  that  a  small  percentage  of  cotton, 
besides  facilitating  the  spinning  and  weaving  into  a  strong,  pli- 
able canvas,  improves  the  cloth  for  the  purpose  of  painting  a 
picture  upon  it,  as  for  a  drop  curtain,  and  claim  that  this  small 
amount  of  cotton  does  not  impair  its  lire  resistance.  Asbestos 
fibers  are  very  slippery  and  difficult  to  card  and  spin,  and  by 
taking  advantage  of  the  spiral  structure  of  the  relatively  few 
cotton  fibers  to  bind  the  asbestos  fibers  together,  the  process  of 
manufacturing  a  smooth  canvas  is  greatly  facilitated. 

A  third  variety  of  asbestos  cloth  which  has  been  highly 
recommended  (on  a  priori  grounds  rather  than  from  tests),  by 
fire  chiefs  and  architects  for  a  theater  curtain,  contains  very 
fine  brass  wires,  of  No.  33  and  No.  34,  standard  gauge,  or  only 
about  the  yJu^  part  of  an  inch  in  diameter,  woven  in  with  the 
asbestos  yarn.  My  tests  proved  that  these  fine  loires  add  nothing 
to  the  strength  of  the  heated  canvas.  The  wire  used  was  found  by 
analysis  two-thirds  copper,  one-third  zinc,  with  a  trace  of  lead, 
perhaps  two  \>er  cent.;  this  analysis  proving  it  to  be  an  ordi- 
nary brass  wire.  Probably  the  extreme  fineness  of  the  wire  used 
and  the  quick  oxidation  or  volatilization  of  the  zinc  is  a  cause  of 
its  weakness  when  heated. 

All  of  the  alleged  asbestos  curtains  that  I  have  seen  have  really 
been  of  the  ordinary  commercial  asbestos,  and  I  regard  the  stories 
of  painted  burlap  masquerading  as  asbestos  in  theater  curtains  as 
mostly  idle  talk. 

Test  of  Asbestos  Canvas, 

Since  my  experiments  on  the  effect  of  heat  upon  the  tensile 
strength  of  asbestos  cloth  and  asbestos  fiber  (|uickly  disclosed  that 
the  onlinary  commercial  asbestos  lost  its  strength  at  a  heat  just 
below  reilness,  sufficient  to  drive  off  the  combined  water,  in  order 
to  be  sure  of  our  ground,  I  had  three  independent  series  of  tests 
upon  asbestos  made  by  three  different  experts,  and  by  very  dif- 
ferent methods,  myself  laying  out  only  the  outlines  of  the  test 
desired  and  leaving  the  observations  and  reports  to  tlie  respec- 
tive exjHTts.  The  results  of  all  three  tests  proved  independently 
that  the  chanicter  of  asbestos  cloth  as  to  resisting  a  high  degree 
of  heat  is  utterly  different  from  wliat  is  ])opnlarly  supposed. 

\iit  St' r  it's. 

The  first  series  of  tests  were  made  by  Prof.  CMiarles  E.  Ful- 
ler,  in   the  Mechanical  Engineering  Laboratory  of  the  Massa- 
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Fig.  9. — Arrangement  for  Tests  op  Strength  op  Asbestos  Canvas  in 
Mechanical  Engineering  Laboratory,  Massachusetts  Institute  of 
Technology.  Tensile  Strength  Measured  either  Cold  or  while 
Heated  by  Common  Gas  Flame  or  by  Blast  Lamp  Flame  to 
Various  Degrees. 
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chusetts  Institute  of  Technology,  on  a  special  testing  machine 
designed  for  measaring  the  strength  of  sailcloth,  and  which  had 
been  previously  used  in  a  series  of  tests  for  the  United  States 
Government.  We  had  this  newly  fitted  with  double  Bunsen  gas 
burners,  as  shown  in  Fig.  8,  so  arranged  that  a  specimen  could 
be  either  tested  cold  or  tested  for  strength  while  heated  to  any 
desirable  degree  in  either  an  ordinary  gas  fiame  or  heated  up  to 
moderate  redness  in  the  flame  of  the  blast  lamps.  These  tests 
were  made  with  great  care,  repeating  the  test  on  two  or  more 
specimens  in  almost  every  case  and  with  a  degree  of  attention 
to  detail  which  I  have  not  space  here  to  set  forth.  I  believe  the 
results  absolutely  reliable. 

In  brief)  we  found  that  every  on^  of  these  specimens  of  asbestos 
cofifMUs,  English^  French  and  American  alike^  when  heated  for 
fram  two  to  five  mintUes  to  a  Utile  helow  redness  in  a  common  gas 
flame^  or  hardy  to  redness  in  the  Bunsen  fiam^j  lost  from  sixty  per 
cent  to  ninety  per  cent,  of  its  strength^  and  that  the  fiber  became 
very  brittle. 

We  were  surprised  to  find  that  the  samples  with  the  wire  in- 
sertion, when  tested  hot,  were  no  stronger  than  the  samples 
without  wire.  On  cooling,  they  regained  a  little  of  the  strength 
due  to  the  wire. 

I  have  condensed  the  results  of  these  tests  into  the  tables 
which  follow  on  pages  110-113. 

At  time  of  weighing  and  measuring  thickness  of  American 
samples,  relative  humidity  of  air  was  80  per  cent.,  temperature, 
<>8  degrees  F.  When  weighing  and  measuring  foreign  samples, 
relative  humidity,  25  per  cent.,  temperature,  71  degrees  F. 
Thickness  measured  between  glass  plates,  2  inches  square,  under 
8  lbs.  pressure.  Specimens  prepared  by  cutting  strips  2^  inches 
wide  and  ravelling  out  threads  carefully  from  edge  until  width 
t»f  2  inches  to  the  nearest  thread  was  left. 

All  8j)ecimens  held  with  12  indues  between  the  grips. 

Ijoad  applied,  in  nearly  all  tests,  by  stretching  the  cloth  at  rate 
of  I  inch  per  minute.  A  few  tests  were  run  at  si>eed  of  stretch- 
ing at  rate  of  J  inch  per  minute  for  comparison,  and  no  differ- 
once  found  in  strength  between  these  rates  of  speed. 

The  results  of  ti^st  of  strength  while  hot,  given  in  the  table,  are 
jivenigos  from  three  8ix)cimens.  These  three  different  trials  gave 
8ul>stantially  uniform  results. 
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The  following  tests  were  made  on  strength  of  samples  of 
asbestos  twine,  cord,  and  rope,  manufactured  by  the  H.W.  Johns- 
Man  ville  Co.: 


Table  3. 


M^  eriiL 

DcBcripilon, 

No.  of 
Specimen. 

11-1 

11-a 

11-4 

BreAking  Load. 

BLONQATfOK 

MeMuretl 
Lcnc^. 

Slonj^tion. 

3     fttrftndfi,    each 
made  up  of  Sth^Hdf 
4if  t}|aln  ju*be[?t(i» 
wi(bia  maiilla  cartf. 

EaiU  thread  made 
lip  of  2  atrandft  of 
vam^  of  which  15. ft 
hjii  Leiit^Hh  wt^ighed 
1  pound. 

5^  lb«.     broken  cold. 
m)  Ibx.     broken  cold. 

broken  hot  after 
(*t  lbs.  j  beatUi^  dull  rvd  5 
minutea. 

broken   hot  after 
Bl  Iha,  .  heaUnebrigbtrfid 
!}  minutea. 

a  tnchea. 

l^.7i 

Tbrife* 

One- 
|fnch  roijc. 

3    ntniudrt,     t^mh 
etmiid  made  up  at  4 
thTVHds  of  plain  ue- 
l>eHtDii, 

1S-1 

800  Iba,     broken  cold.         ' 
E  broken    hot  after 
45lh5.  '  heating  [o dull  red 
1  &  minutes, 

brokesn  hot  after 

37  IbEL,  -  heaUnjf  to  bright 

T«dfor&mlnQte«. 

3  Incbw, 

UM 

itaeii  tnrfao  uiafle' 
up  of  i  Hfna^  ttt 
yarn,  AT ,5  fet?l  p«r        12-3 
Ijound, 

-t  thrividti  of  pialn 
osbt^atog,   each 
thread  i.oji(!i*tingof 
:i  strand**  of  yarn, 
of  wblrb  l»U.fi  rttit 
welgbid  1  pound . 

■Si 

143  IbB.     broken  cold, 
l^ia  Iba.      broken  cold. 
lU  Ihg.     brokt^n  t^old. 

12  inches,  ! 

T,W 

tJn*- 

LHgbth- 

Uuli  ctJrd. 

So.  «0J. 

1  broken   hot  after 
tl  lbs.  ^  bcdElnET  uj  doH  red 

I  broken  Itut  after 

IS  lbs.  <hi>*thig  i^  bright 

red  for  h  TtilonteB^ 

J  tiToken  hot  after 

"^^  ^^^  ]  toon  RUH  flame  5 
(m  in  ate?. 

$    fitraude    plain 
ftHbt'Bloii  yam,  of 
whifh  1,3H|  feet 
iVi'IglK'd  1  ponudn 

Hrl        |l3.Hlb«.    broken  cold. 
H-:*         ll^iba.    broken  told. 
14^         l\ii  Ibii.    broken  cold. 

IMiilii 
;  ashfstu* 
Pt'wlng 
twitie. 

I4-J 
14-5 

(brokfii  hot  afti'r 
1.tib»,  -  heating  bright  red 
/  *  mlnnle*, 
\  broken    hot  after 
i.Ulb.  -,  hL'Jitin;;  bright  red 
1 5  minutefi, 
I  broken  hot  after 

"*°^"*     nion  j^e  Hame  S 
1  mlniiEt^a. 

' 

•2  Htrands  of  plain 
aMbei*to«   yarn,    2 
Htrand^    of    brusn 
wire;  diam.    .0070 
incJi ;  8:tt.3  feet  per 
pound. 

Krt'akin":  8tn'n^th 
of  1  win*  cold,  ii.Vi 
poundH. 

15-1        ,17.0  lbs.     broken  cold. 
15-2         19.5  IbH.     broken  cold. 
15-3        '10.5  lb8.     broken  cold. 

I  broken  hot    after 
15-4          2.1  Ibrt.  -^  healing  bright  red 

/  2  minutefl. 





Sewing 

twine 

with  wire 

iuwrtion. 

!                i  broken   hot  after 
15-5       ;  1.9  Ibe.  J  healing  briglit  red 
1                /  5  minutes. 

15-« 

f  broken   hot  after 
o  « iKa   J  heating    in   coni- 

t  minutes. 

. 

It  will  be  seen  from  the  above  that  tlie  asbestos  cord  was 
affected  by  heat  very  much  as  the  canvas  was,  and  lost  nearly  all 
of  its  strength  after  brief  exposure  to  dull  red  heat,  or  even  to  a 
heat  a  little  below. 
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2d  Series. 

I  desired  tests  on  larger  sheets  of  the  canvas,  more  nearly 
reproducing  the  conditions  of  use,  and  so  the  tests  of  our  second 
series  were  made  at  the  Underwriters'  laboratory,  in  Chicago,  by 
constructing  asbestos  curtains  about  six  feet  square  and  testing 
them  with  the  same  furnace  and  apparatus  that  had  been  provided 
in  the  yard  attached  to  this  laboratory  for  testing  fire  shutters 
and  fire  doors.  Unfortunately,  we  found  the  furnace  in  poor 
working  condition  because  of  a  temporary  defect  in  the  gas 
supply,  such  that  we  could  not  regulate  the  temperature  evenly 
over  the  entire  curtain  or  measure  it  precisely  by  the  pyrometer. 
After  testing  several  curtains  we  therefore  suspended  these  tests. 

The  large  sheets  under  these  conditions  made  a  much  better 
showing  than  the  small  samples  had  made  in  the  laboratory. 
Nevertheless  these  Chicago  tests  fully  confirmed  the  conclusion, 
derived  from  our  Boston  tests,  that  asbestos  cloth  is  rapidly 
weakened  by  the  heat  of  an  ordinary  fire  to  an  extent  that 
makes  a  curtain  composed  wholly  of  asbestos  cloth  an  unreliable 
fire  screen  for  the  proscenium  arch  of  a  theater,  if  expected  to 
endure  more  than  a  few  minutes;  and  it  was  proved  that  the 
asbestos  canvas  was  so  weakened  that  it  would  be  ruptured  easily 
by  a  blow  from  any  falling  material  or  by  a  strong  current  of  air. 
It  was  noted  during  these  tests  that  the  Johns  curtains  were 
found  particularly  weak  in  their  horizontal  threads,  permitting 
vertical  rents  to  be  easily  made.  That  the  canvas  of  the  other 
makers  is  similarly  much  less  strong  horizontally  than  it  is 
vertically,  or  in  the  warp  threads,  may  be  seen  from  the  Boston 
tests  set  forth  in  the  previous  table.  The  seams  sewed  with  as- 
bestos thread  showed  no  special  weakness  more  than  the  canvas. 

A  notable  feature  in  these  furnace  tests  with  those  curtains 
that  contained  from  five  per  cent,  to  eight  per  cent,  of  cotton 
was  the  flame  that  played  all  over  the  outer  face  of  the  cloth 
when  the  furnace  was  lighted,  and  which  might  be  disquieting 
to  an  audience  in  giving  for  a  moment  an  impression  that  the 
asbestos  curtain  was  burning  up. 

M  Series, 

For  the  thinl  series  of  tests,  the  friendly  services  of  Prof.  William 
Otis  C'rosby,  of  the  Massachusetts  Institute  of  Technology, 
in  charge  of  the  Department  of  Economic  Geology,  and  Dr.  C. 
H.  Warren,  Professor  of  Mineralogy  in  the  same  institution,  were 
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enlisted  to  examine  all  of  the  varieties  of  asbestiform  minerals 
found  in  the  extensive  cabinets  of  the  Institute  of  Technology  and 
the  Boston  Society  of  Natural  History,  in  the  hope  of  finding 
specimens  from  some  locality  that  possessed  all  the  qualities  prop- 
erly attributed  to  asbestos.  The  result  of  this  search,  in  brief, 
was  that  nothing  was  found  possessing  characteristics  materially 
different  from  the  hydrous  Canadian  fiber  on  the  one  hand,  and 
the  anhydrous  fiber  from  Georgia  on  the  other.  Specimens  of 
asbestos  of  the  first  class  lost  their  strength  at  a  heat  which  drove 
the  water  oflf;  the  specimens  of  the  second  class  had  fibers  that 
were  too  stiff  or  too  brittle  for  spinning  and  weaving,  or  they 
were  reported  as  occurring  in  quantity  too  small  for  commercial 
purposes. 

Tests  were  next  made  by  Professor  Warren  to  learn  the  precise 
degree  of  heat  required  to  injure  the  strength  of  asbestos  fiber. 

Upon  testing  specimens  of  the  Canadian  fiber  by  heating  it  in 
a  platinum  crucible  within  a  clay  cup  and  within  a  coil  heated 
electrically,  raising  the  temperature  slowly,  weighing  the  spec> 
imen  repeatedly,  and  all  the  time  measuring  the  temperature  in 
the  crucible  by  electrical  methods,  it  was  found  that  a  tem- 
perature up  to  250°  Centigrade,  equivalent  to  482**  Fahrenheit, 
caused  no  driving  off  of  the  water  chemically  combined,  and  no 
apparent  change  in  the  pliability  or  strength  of  the  fiber. 

A  heat  just  below  dull  redness  proved  to  be  the  critical  point. 
One-half  hour  at  from  440°  C.  to  480°  C,  equivalent  to  850° 
F.,  drove  off  about  three  per  cent,  of  the  combined  water  and 
made  the  fiber  slightly  more  brittle  than  at  first,  with  some  loss 
of  natural  luster. 

Heated  to  from  630°  to  650^  C.  for  five  minutes,  averaging 
1,152°  F.,  eleven  per  cent,  of  the  water  is  driven  oflf,  and  the 
fiber  becomes  slightly  brown  and  very  brittle  and  crumbly. 

Heated  for  only  thirty  seconds  to  750°  C,  the  .fibers  of 
Canadian  asbestos  lost  their  cohesion. 

A  faint  red  heat  corresponds  to  about  1,100°  F.  (The 
Austrian  engineers,  from  their  experiments  on  a  theater  model 
in  18S5  already  referred  to,  concluded  that  a  temperature  of 
800°  C,  equal  to  1,472°  F.,  would  be  reached  in  a  fire  on  a  stage 
crowded  with  scenery.) 

In  other  trials  Professor  Watson  found  that  a  piece  of  asbestos 
canvas  a  foot  square  lost  its  strength  badly,  so  that  it  could  be 
torn  between  the  fingers,  after  it  had  been  held  five  minutes 
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against  a  moderate  wood  fire  that  did  not  heat  it  to  visible  red- 
ness, and  therefore  probably  not  to  650°  C. 

From  a  series  of  such  tests  Professor  Warren  concluded  that  a 
theater  curtain  made  of  the  Canadian  or  chrysotile  asbestos  fiber 
alone  could  not  be  expected  to  hold  together  for  more  than  a  few 
moments  if  a  temperature  of  650°  C,  equivalent  to  about  1,200° 
F.,  was  reached,  and  calls  attention  to  the  fact  that,  being  a 
non-conductor,  the  asbestos  canvas  would  arrest  and  absorb  the 
radiant  heat  from  the  burning  scenery  and  have  its  own  tem- 
perature rapidly  raised. 

In  the  course  of  sundry  other  tests  he  found  independently  that 
the  fine  brass  wire  inserted  in  certain  samples  of  the  canvas  added 
practically  nothing  to  their  strength  while  hot.  Wires  pulled 
out  from  the  canvas  and  held  in  an  open  Bunsen  flame  lost 
their  strength  instantly.  This  led  Professor  Warren  to  suggest 
that  iron  wire  of,  say,  twenty-five  or  twenty -eight  gauge,  would 
prove  a  much  greater  addition  to  the  strength  of  curtain  cloth, 
but  in  the  Chicago  furnace  tests  I  noted  that  iron  wire,  about 
Xo.  18,  was  rapidly  oxidized  in  the  gas  flame. 

The  asbestos  residue  left  after  driving  off  the  water  is  practi- 
cally infusible  and  would  doubtless  adhere  together,  and  being 
supported  by  the  iron  wire  would  form  an  effective  screen  long 
enough  to  permit  escape  and  to  restrain  the  progress  of  the  flames 
while  the  firemen  were  coming.  Wrought  iron  is  less  readily 
fusible  than  steel,  but  the  steel  wire  would  probably  hold  up  to, 
say,  1>00°  C,  or  1,650°  F.  Steel  melts  at  1,200°  to  1,300°  C; 
pure  iron  about  1,600°  C. 

I  found  the  small  iron  stairway  over  the  Iroquois  stage  showed 
effects  such  as  are  produced  by  reil  heat.  Glass  in  the  skylights 
over  the  Irocjuois  stage  was  fused,  which  indicates  about  875° 
to  900°  C,  or  1,650°  F. 

Steel  Plate  Protected  hy  Asbestos  Material, 

In  our  Chicago  furnace  tests  we  also  experimented  upon  sun- 
dry combinations  of  asbestos,  asbestos  felt  and  asbestic  cement? 
with  thin  steel  plate  and  combined  with  wire  netting,  the  asbestos 
being  placed  on  the  stage  side  in  the  hope  that  it  might  shield  the 
steel  from  the  full  heat  and  thus  prevent  it  showing  red  hot  on 
the  auditorium  side,  while  the  steel  would  give  strength.  We 
had  to  suspend  these  tests  because  of  some  temporary  trouble  with 
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the  gas  supply  to  the  furnace,  but  they  were  carried  far  enough 
to  prove  an  endurance  more  than  ample  for  their  purpose  as  a 
shield  while  the  audience  is  escaping,  and  it  was  plain  to  all  who 
witnessed  these  tests  that  the  sheet  steel  curtain,  protected  with 
some  asbestic  material  on  the  fire  side,  possessed  far  greater 
strength  and  endurance  against  fire  than  the  simple  asbestos. 
The  thin  sheet  of  steel,  moreover,  cut  off  the  view  of  the  fire  that 
was  apparent  through  the  texture  of  the  asbestos  canvas. 

With  care  given  to  the  design  of  the  guides  and  fastenings  at 
edges  and  top,  so  that  after  it  was  lowered  the  curtain  could  not 
be  pulled  out  by  warping,  buckling,  "  smoke  explosions  "  or  pres- 
sure of  air,  the  steel  curtains  would  have  a  value  to  the  fire  under- 
writer that  no  asbestos  curtain  can  possess,  and  would  probably 
hold  a  fire  on  the  stage  from  entering  the  auditorium. 

The  general  type  of  steel  proscenium  curtain  finally  adopted 
in  Chicago  and  required  at  all  theaters  was  worked  out  somewhat 
hurriedly,  according  to  the  average  judgment  of  the  Aldermanic 
Committee,  in  advance  of  any  other  tests  than  the  failure  of  the 
Iroquois  curtain. 

It  consists  of  a  light  framework  of  steel  angle  irons  with 
corrugated  plate  about  one-sixteenth  inch  thick  on  the  audi- 
torium side,  and  some  asbestic  non-conducting  material  on  the 
stage  side,  with  an  air  space  of  one,  two  or  three  inches  between. 
Where  guided  only  by  loops  on  stationary  vertical  cables  at  its 
vertical  edges,  it  is  required  to  lap  over  the  edge  of  the  arch 
about  eight  inches.  A  curtain  structure  of  this  kind  of  the  ordi- 
nary size  weighs  from  two  tons  to  six  tons. 

The  hanging  of  most  of  these  Chicago  steel  curtains  would  be 
improved  by  more  substantial  iron  channels  to  hold  the  edge,  and 
by  the  addition  of  positive  down-haul  tackle  or  some  arrange- 
ment by  which  the  counterweight  could  be  thrown  off,  for  now 
the  great  weight  of  these  curtains  is  so  nearly  counterpoised  that 
it  is  entirely  possible  that  the  excess  of  air  pressure  against  its 
surface  of  about  one  thousand  square  feet  may  prevent  the  slight 
excess  of  gravity  from  lowering  it.  The  Austrian  experiments 
and  the  story  of  some  of  the  eye-witnesses  of  the  Iroquois 
disaster  indicate  the  possibility  of  a  strong  outward  air  pressure 
from  the  expanding  air. 

Finally,  regarding  fire  curtains,  it  should  be  said  that  with 
proper  smoke  vents  and  complete  automatic  sprinklers,  the 
perfection  of  the  curtain  becomes  of  lesser  importance. 
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THE   FIREPROOFINO   OF   SCENERY. 

^Theatrical  scenery  is  ordinarily  painted  on  a  strong  linen  canvas 
weighing  about  six  and  six-tenths  ounces  per  square  yard.  Heavy 
cotton  sheeting  is  sometimes  used  for  the  cheaper  temporary  pro- 
ductions. The  gauze  used  for  skies  and  transformation  scenes  is 
of  cotton,  of  texture  like  mosquito-netting.  Frames  and  battens 
and  profile  backings  are  of  white  pine.  The  canvas  is  first 
stretched  on  a  frame  and  stiffened  by  a  coat  of  glue  size  applied 
warm  with  a  broad  brush.  Next,  it  receives  a  priming  coat  of 
whiting  and  glue  size,  and  is  then  ready  for  the  scene  painter. 
The  mineral  colors  used  are  mixed  with  water  and  glue,  and  many 
tests  prove  that  the  painted  canvas  is  somewhat  less  readily  com- 
bustible than  the  unpainted,  and  that  the  heavier  is  the  coat  of 
pigment  the  more  flame  is  retarded. 

The  fireproofing  of  scenery  canvas  and  other  cloths  and  fab- 
rics has  from  time  to  time,  during  the  past  fifty  years,  engaged 
the  attention  of  many  talented  men,  and  one  who  now  consults 
only  the  articles  in  books  and  technical  pamphlets  is  led  to 
l>elieve  that  this  fireproofing  of  canvas  or  cloth  can  be  accom- 
plished by  brushing  the  surface  over  with  either  one  of  several 
solutions  of  chemicals. 

After  reviewing  whatever  I  could  find  in  print,  after  consult- 
ing with  several  experienced  scenic  artists,  and  after  making 
tests  myself,  and  later  enlisting  the  friendly  assistance  of  several 
exi>erienced  chemists  to  carry  on  independent  investigations  of 
all  solutions  prominently  recommended  for  the  fireproofing  or 
flame-proofing  of  fabrics,  I  regret  to  conclude: 

1st,  that  the  best  that  is  possible  in  the  fireproofing  of 
scenery  is  far  from  satisfactory; 

2d,  that  the  petty  tests  that  have  satisfied  certain  distin- 
guished chemists  are  very  misleading  as  guides  to  what  will 
happen  when  the  same  process  is  tested  on  the  larger  practi- 
cal scale; 

3d,  that  the  best  we  can  hope  to  accomplish  is  to  ''  flame- 
proof "  a  fabric  so  that  it  will  not  ignite  from  a  match, 
an  electric  spark  or  a  gas  jet;  or  so  that  if  ignited  it  will  not 
burst  into  flame. 

This  much  of  protection,  little  and  disappointing  as  it  is,  is  of 
great  value  and  worth  all  that  a  good  process  costs,  if  it  can  be 
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accomplished  in  practice  without  injury  to  fabric  or  colors;  for  if 
we  can  thus  prevent  the  little  flame  from  quickly  spreading,  we 
have  removed  perhaps  nine-tenths  of  the  danger  of  a  fire  starting 
on  the  stage,  but  it  falls  far  short  of  what  many  have  believed 
and  loudly  proclaimed  was  within  easy  reach. 

Inefficiency  of  All  Methods  of  Fireproojing  Scenery. 

Once  get  the  gauze  and  canvas  and  pine  on  the  stage  enveloped 
in  jlaine^  everything  ^^ fireproof ed "  will  hum  to  total  destruction 
with  substantially  as  great  a  rush  of  flame  and  suffocating  smoke 
as  with  the  untreated  7nateriaL  Indeed^  the  chemicals  may  make 
the  fumes  worse. 

After  having  investigated  the  question  of  fireproofing  the 
scenery  faithfully,  probably  with  greater  thoroughness  than  has 
ever  been  done  heretofore,  I  am  led  to  believe  that  we  must 
after  all  rely  on  the  safeguards  of  the  engineer  rather  than  those 
of  the  chemist,  for  the  safeguarding  of  human  life  in  theaters. 

The  efficient  fireproofing  of  the  great  quantity  of  white  pine 
used  in  frames,  battens  and  profiles  (eight  thousand  square  feet 
in  the  case  of  the  Iroquois)  appears  to  be  a  practical  impossibility. 
The  eleven  miles  of  manila  ropes  cannot  be  ''flame-proofed" 
without  too  great  a  sacrifice  of  their  strength. 

New  Tests  and  tJte  Tlicory  of  Action  of  ^' Fireproofing^^ 

Chemicals. 

Distrusting  the  ordinary  test  of  trying  to  ignite  a  small  strip 
of  the  treated  cloth  with  a  match  or  gas  flame,  early  in  these 
studies  I  took  about  one-fourth  a  square  yard  of  cloth  treated 
with  phosphate  of  ammonia,  which  is  the  most  efficient  fire  re- 
tardant  of  all  the  half  hundred  chemicals  and  mixtures  yet  rec- 
onuTiended,  and  hanging  it  in  sheets  half  an  inch  apart*  within  a 
piece  of  common  stove  pipe  two  feet  long,  lined  with  a  sheet  of 
asbestos  in  order  to  check  the  loss  of  heat  by  absorption  in  the 
cold  metal,  lighting  it  at  the  bottom  with  a  little  wad  of  ''  excel- 
sior" wood  shavings,  1  saw  this  ''most  perfectly  fireproof ed 
cloth  "  disappear  with  a  rush  of  flame  in  forty  seconds. 

The  difference  in  the  results  of  a  test  of  a  single  strip  over  a 
gas  flame  and  a  series  of  parallel  sheets  hung  near  together  within 
a  chamber  is  that  in  the  second  case  we  confine  the  radiant  heat 
and  the  distilled  combustible  gases  very  much  as  they  would  be 
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confined  in  the  closely  hung  sheets  of  scenery  over  the  stage 
(see  Figs.  1  and  2). 

It  is  almost  inconceivable  that  any  of  the  various  solutions  used 
for  fi  reproofing  canvas  or  wood  could  so  change  the  cellulose, 
gums  and  resins,  of  which  these  mainly  consist,  as  to  prevent 
their  destructive  distillation  with  the  evolution  of  the  same  vol- 
ume of  inflammable  gas,  much  like  ordinary  illuminating  gas, 
that  they  ordinarily  give  out  when  heated  to  the  char  point. 

We  may  find  it  slow  work  to  light  the  wet  twigs  and  green 
wood  for  our  camp  fire,  but  once  well  started,  they  burn  furi- 
ously. The  best  fireproofing  of  fabrics  amounts  to  about  the 
siime  as  substituting  a  fabric  of  wool  for  one  of  flax  or  cotton. 
Woolen  mills  by  fifty  years'  experience  are  no  better  insurance 
risks  than  cotton  mills. 

Our  various  tests,  interpreted  from  the  scientific  point  of  view, 
indicate  that  about  all  that  we  can  hope  for  from  the  application 
of  *'  fireproofing"  chemicals  is  as  follows: 

1st,  the  destructive  distillation  of  the  chemical  may  keep 
the  surface  of  the  cloth  near  the  applied  flame  bathed  for  a 
few  seconds  in  a  thin  film  of  steam  or  inert  gas,  arising  from 
the  distillation  of  the  microscopic  quantity  of  the  chemical 
lodged  in  the  fabric,  thus  keeping  the  oxygen  of  the  air 
away  from  the  carbon  for  a  moment. 

2(1,  the  dissociation  or  distillation  of  this  little  quantity 
of  the  chemical  absorbs  a  little  of  the  heat  applied  or 
evolved. 

3d,  the  chemical  used  may  have  a  non- volatile  base  which 
will  fuse  and  cover  the  surface  of  the  combustible  carbon 
with  a  glassy  film  that,  although  excee<lingly  thin,  will  keep 
this  carbon  beyond  reach  of  the  oxygen  of  the  air.  This  may 
perhaps  lock  up  from  twenty-five  per  cent,  to  fifty  per  cent, 
of  the  heat-giving  content  of  the  fiber. 

I  have  alrendy  intimated  that  ))hos))hate  of  ammonia  has  given 
the  l)ost  record  in  fire-retanlant  quality  of  any  of  the  many  chem- 
icals and  mixtures  tested.  Theoretically,  we  should  expect  it  to 
do  so,  for  its  chemistry  fulfils  the  above  c(mditions.  First,  it  has  a 
little  tendency  to  gather  dampness,  and  to  dry  this  out  absorbs  a 
little  heat.  Next,  as  the  heat  rises,  ammonia  is  given  off,  and  the 
thin  film  of  this  repels  the  oxygen  of  the  air.     When  the  ammo- 
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nia  is  gone  we  have  left  the  otho  phosphoric  acid  which  in  liquid 
form  covers  the  surface  and  preserves  it  from  oxidation  under 
increasing  heat.  At  300  to  400  degrees  Fahrenheit  this  decom- 
poses, giving  off  water;  at  higher  temperatures,  it  gives  off  its 
remaining  water.  In  all  of  this  dissociation  it  absorbs  some  beat 
until  we  have  left,  at  full  red  heat,  fused  meta-phosphoric  acid  as 
a  liquid  film  sv/r^rounding  thefijxed  carbon,  remaining  from  the  de- 
structive distillation. 

On  the  other  hand,  the  phosphate  of  ammonia  has  its  disadvan- 
tages. A  manufacturing  chemist,  perhaps  of  widest  experience 
of  any  in  this  country  in  the  practical  chemistry  of  the  phos- 
phates, warns  me  that  for  its  best  efl5ciency  it  must  be  applied 
in  a  strong  or  saturated  solution,  but  if  very  strong,  it  may  in 
time  disastrously  affect  the  strength  of  the  fiber,  that  it  is  some- 
what deliquescent,  has  a  tendency  to  develop  fungous  growth, 
that  in  time  it  may  part  with  a  portion  of  its  ammonia,  becoming 
the  acid  ammonium  phosphate  which  has  a  tendency  in  presence 
of  moisture  to  attack  metals,  while  in  a  warm  atmosphere  the  free 
phosphoric  acid  attacks  some  colors. 

The  foregoing  cautions  by  my  friend,  the  chemist,  were  derived 
from  experience  on  other  material  than  stage  scenery,  and  we 
shall  soon  have  plenty  practical  experience  to  show  if  phosphate 
of  ammonia  is  injurious  to  scenery,  under  the  practical  condi- 
tions of  use,  for  this  has  been  used  during  the  past  year  and  a 
half  more  than  any  other  substance  to  meet  the  enforcement  of 
the  laws  of  certain  cities  requiring  all  stage  scenery  to  be  fire- 
proofed.  The  diluteness  of  the  solution  that  has  been  applied  in 
some  instances  within  my  observation  will  tend  to  lessen  its  in- 
jurious qualities  in  the  same  degree  that  it  weakens  its  flame- 
proofing,  and  the  tendency  of  any  antipyrine  to  promote  mildew 
in  damp  atmospheres  can  probably  be  prevented  by  adding  some 
antiseptic  or  germicide  to  the  solution. 

History  and  Practice  of  Fireproofing  Canvas. 

After  each  of  the  great  historic  theater  fires  that  have  occurred 
since  the  science  of  chemistry  wa^born,  this  subject  of  fireproofing 
cloth  has  been  studied  by  chemists  of  eminence,  and  nearly  all  of 
the  chemicals  and  compoundsr  ecently  brought  forward  by  scenic 
artists  and  dealers  in  painters'  supplies  are  the  same  that  have 
been  recommended  over  and  over  again  for  the  past  fifty  years. 
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The  tests  made  from  time  to  time  for  proving  their  eflSciency 
have  not  copied  practical  conditions. 

It  is  said  that  fifty  years  ago,  after  a  serious  fire  in  the  Berlin 
Opera  House,  it  was  made  the  custom  to  soak  the  scenery  canvas 
in  a  strong  solution  of  alum;  nearly  fifty  years  ago  a  Parisian 
chemist  carefully  examined  the  subject  of  fireproofing  scenery, 
and  orders  are  said  to  have  been  issued  that  all  stage  scenery  be 
impregnated  with  silicate  of  soda.  Fifty  years  ago  the  value  of 
phosphate  of  ammonia  was  recognized  as  an  antipyrine.  Forty- 
five  yejirs  ago  an  elaborate  series  of  researches  was  reported  to 
the  British  Association  for  the  Advancement  of  Science,  embrac- 
ing a  great  range  of  chemicals,  with  many  tests  for  determining 
the  most  effective  strength  of  solution  to  be  applied.  Nearly 
thirty  years  ago,  after  the  Brooklyn  Theater  horror,  some  of  the 
scenery  in  Wallack's  Theatre  in  New  York  is  said  to  have  been 
fireproofed  with  tungstate  of  soda,  and  the  well-known  New 
York  chemist,  Dr.  R.  Ogden  Doremus,  called  the  attention  of 
American  theater  managers  to  phosphate  of  ammonia.  More 
than  twenty-five  years  ago  a  committee  of  the  British  House  of 
Commons  took  testimony  on  this  matter  of  fireproofing  scenery, 
and  the  manager  of  the  Criterion  Theater  testified  that  he  regu- 
larly used  sodium  tungstate  in  the  preparation  of  new  scenery. 
Curiously,  our  recent  tests  fail  to  show  any  great  virtue  in  sodium 
tungstate  as  an  antipyrine.  Twenty  years  ago  the  London  So- 
ciety of  Arts  reported  on  fireproofing  of  stage  scenery  and  re- 
ported tliat  tlie  scenery  in  nearly  all  London  theaters  was  treated 
with  some  fire  retardant  preparation. 

Twenty  years  ago  a  committee  of  the  Franklin  Institute  of 
[Philadelphia  studied  and  reported  on  this  subject,  recommending 
sundry  chemicals. 

Eleven  years  ago  Prof.  Thomas  H.  Norton  devoted  to  this 
subject  his  presidential  address  before  the  Section  of  Chemistry 
in  the  American  Association  for  the  Advancement  of  Science  at 
the  Brooklyn  meeting,  and  made  it  appear  that  fireproofing  of 
fabrics  was  easy. 

Xevertheless,  it  is  probable  there  was  at  the  time  of  the  Iro- 
fjuois  fire  hardly  a  piece  of  scenery  on  a  theater  stage  in  the 
Tnited  Suites  or  England,  or  anywhere  else,  that  had  been  sub- 
je(!t4Hl  to  fireproofing  treatment. 

The  veteran  manager,  John  B.  Shoeffel,  tells  me  that  from  his 
ox|)erience  with  the  French  and  English  made  scenery  used  in 
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the  American  tours  of  Bernhardt,  Rejane,  Mounet-Sully,  Coque- 
lin,  Mary  Anderson,  Irving  and  others  under  his  management, 
it  is  his  confident  belief  that  none  of  it  was  fireproof ed.  His 
experienced  stage  mechanic,  William  J.  Kelly,  confirms  this 
and  says  further,  that  according  to  his  personal  experience  on  the 
stage  of  several  London  theaters,  none  of  their  scenery  was  fire- 
proofed.  The  eminent  scenic  artist,  Walter  Burrage,  of  Chicago, 
tells  me  that  through  personal  experience  in  England  and  confer- 
ence with  scene  painters  from  the  Continent,  he  has  found  there 
was  no  general  use  in  Euroi)e  of  fire  retardant  solutions  in  the 
preparations  of  scenery. 

A  year  ago  Mr.  E.  O.  Sachs,  Secretary  of  the  British  Fire 
prevention  Committee,  wrote  me  that  there  was  then  no  re 
quirement  for  the  fireproofing  of  scenery  by  chemical  solutions 
in  the  English  law,  and  in  his  compilation  of  the  Building  Laws 
of  European  cities,  in  Vienna  alone,  do  we  find  mention  of  fire- 
proofing  of  scenery,  and  there  very  vaguely. 

Thus,  notwithstanding  widespread  belief,  backed  by  much 
eminent  authority  that  scenery  could  be  readily  flame-proofed,  it 
has  not  been  done. 

TTAy  Siuge  Scenery  Has  Not  Been  Flame-proofed. 
In  brief,  the  reasons  are: 

1st,  it  adds  to  the  cost  by  an  amount  that  may  be  estimated 
at  from  $250  to  $500  for  the  average  five-act  drama,  having 
25,000  square  feet  of  canvas,  and  adds  two  or  three  times  this 
cost  for  a  great  spectacular  piece.  Seldom  would  flame- 
proofing  add  more  than  five  per  cent,  or  ten  per  cent,  to  the 
cost  of  an  outfit  of  scenery. 

2d,  there  is  a  fear  that  most  of  the  fireproofing  chemicals 
injure  the  strength  of  the  canvas. 

3d,  the  scenic  artists  have  feared  the  effect  on  their  deli- 
cate colors. 

4th,  some  of  the  chemicals  proposed  tend  to  rust  and 
loosen  the  iron  fastenings  and  tacks. 

5th,  most  of  the  stage  scenery  in  existence  is  traveling 
around  the  country,  stopping  only  a  brief  time  in  one  city, 
and  it  is  a  tedious  matter  for  the  local  authorities  to  make 
certain  that  it  has  been  fireproofed. 

6th,  the  appalling  theater  catastrophes  have  come  almost  a 
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generation  apart.  The  people  and  the  oflBcials  have  short 
memories  for  their  lessons.  Inspectors  become  easy  about 
s|)ecial  laws  which,  passed  under  pressure  of  a  great  calam- 
ity, soon  become  dead  letters. 

7th,  the  general  public  is  thoughtless  and  indififerent  and 
runs  its  chance. 

Therefore,  at  the  present  time,  although  since  the  Iroquois 
fireproofing  has  become  a  general  rule,  remembering  the  likeli- 
hood that  in  future  as  in  the  past  the  fireproofing  of  scenery  will 
become  neglected,  we  may  all  the  more  emphasize  the  importance 
of  the  perfected  automatic  smoke  vent  and  of  the  automatic 
sprinkler  and  the  other  obvious  safeguards. 

A  Neio  Investigation  of  the  Fireproofing  of  Fahincs, 

After  some  preliminar}'^  trials,  with  the  assistance  of  the 
chemical  engineer  of  the  Inspection  Department  of  the  Factory 
Mutual  Insurance  Com  panics  and  conferences  with  the  experienced 
scenic  artists,  Burrage  of  Chicago  and  Story  of  Boston,  and  after 
reviewing  the  probable  effect  of  various  solutions  upon  the  fabrics 
and  uj>on  the  ordinary  colors  used  by  the  scenic  artist  w^ith  some  of 
my  |)ersonal  friends  who  w^ere  of  wide  experience  as  chemists  of 
textile  factories  and  chemical  works,  I  enlisted  the  ingenuity  of 
my  friend,  Mr.  George  C.  Whipple,  Consulting  Engineer,  Director 
of  the  Mt.  Prospect  Laboratory  in  Brooklyn,  and  of  Mr.  Irving 
W.  Fay,  Professor  of  Chemistry  in  the  Brooklyn  Polytechnic 
Institute,  in  the  hope  that  atarting  with  the  theory  of  the  sue- 
rifuful  action  of  amrao^iium  phosphate^  as  stated  above,  we 
could  find  some  substance  of  equal  value  as  an  antipyrine  that 
would  be  less  likely  to  injure  fabric  or  colors.  Sundry  theaters 
and  scenic  studios  were  visited  by  Mr.  Whipple  to  learn  the  prac- 
tical conditions.  The  bibliograpliy  of  the  subject  was  again  thor- 
oughly reviowdl.  Standard  methods  for  testing  the  comparative 
efficiency  were  worked  out,  and  tests  were  made  with  substan- 
tially all  of  the  substances  that  had  been  recommended  by  good 
authorities. 

Xotliing  was  found  better  than,  or  so  efficient  as,  the  phos- 
phate <»f  ammonia,  known  to  be  efficient  for  the  past  fifty  years. 
Xnthing  xjOiis  fourul  tluit  would  prevent  the  instant  hurning  irlth 
ft  rush  nf  finnie  when  the  test  was  made  with  a  strong  hiaze  mi 
rhmtly  hang  sheets  of  canvas^  but  many  substances  were  found 
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that  would  make  gauze  and  canvas  proof  against  ignition  by  a 
match,  flame,  gas  jet,  a  cigarette  or  an  electric  spark. 

Some  Tests  of  Effect  cf  Fire-proojmg  Solutions  upon  Colors, 

In  my  Boston  tests  the  results  of  sundry  solutions,  after  from 
one  month  to  one  and  one-half  years'  time,  upon  canvas  sized  and 
painted  in  the  ordinary  way  with  the  ordinary  colors  of  the 
scenic  artist's  palette,  was  as  given  in  Tables  4  and   5  (pages 

127  and  128),  which  are  representative  selections  from  eight 
large  test  sheets: 

These  eight  samples  were  prepared  in  the  studio  of  Mr.  Story, 
a  well-known  scenic  artist  of  Boston,  under  the  supervision  of  Mr. 
L.  K.  Davis,  chemical  engineer  of  our  Inspection  Department. 
Sheets  of  ordinary  linen  scenery  canvas  and  also  sheets  of  wide 
cotton  such  as  used  for  scene  painting,  each  about  seven  feet 
square,  were  painted  with  broad  flat  stripes  of  the  colors  found 
commonly  in  the  scene  painter's  palette — put  on  by  an  experi- 
enced artist  in  the  ordinary  manner.  After  these  strips  of 
color  were  thoroughly  dry  other  broad  stripes,  crosswise  to  the 
first,  were  applied,  consisting  of  one  stripe  each  of  the  various 
chemical  solutions  which  at  that  time  were  most  prominently 
commended  for  fireproofing  scenery.  This  checker-board  pattern 
thus  permitted  about  180  simultaneous  tests  of  color  and  chemical 
on  each  of  our  eight  large  canvas  sheets,  or  more  than  1,000  in  all. 

Solutions  of  different  strength  were  tried  on  different  sheets, 
15  per  cent,  and  25  per  cent,  respectively,  and  the  further  ex- 
periment was  made  of  first  applying  a  strong  solution  of  each 
chemical  to  the  canvas  before  it  was  sized  and  painty.  This 
gave  much  better  results  and  far  less  discoloration  than  when 
the  canvas  was  flame-proofed  after  it  had  been  sized  and  painted. 

The  reason  for  the  less  discoloration  plainly  is  that  the  chemi- 
cal penetrates  the  fiber  more  easily  before  it  has  been  sized, 
and  that  the  sizing  prior  to  the  painting  locks  it  in  and  puts  it 
into  less  intimate  contact  with  the  pigment. 

I  found,  in  every  case,  that  the  phosphate  of  ammonia  affected 
many  of  the  colors,  and  that  the  ammonium  chloride  and  the 
strong  solution  of  '^  fireproofine"  were  very  injurious. 

The  treated  canvas  when  dry  and  shaken  gave  off  a  dust  from 
the  chemicals. 

To  independently  verify  and  extend  the  above  tests  that  the 
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chemical  engineer  of  our  Inspection  Department  had  made  in  a 
Boston  scenic  studio,  Messrs.  Whipple  and  Fay  tested  about  thirty- 
five  colors  and  shades  by  painting  these  colors  in  stripes  on  a  sheet 
of  canvas,  and  there  crossing  them  with  stripes  of  the  various  fire- 
proofing  solutions.  In  the  brief  tests  by  Whipple  and  Fay  no 
colors  were  found  affected  by  the  solutions  commonly  used  save 
the  cobalt  blues  and  the  delicate  violets,  thus  differing  somewhat 
from  the  results  of  my  previous  tests  at  Boston  in  which  I  found 
many  of  the  standard  scene  painters'  colors  affected  by  phosphate 
of  ammonia  and  ammonium  chloride  to  the  extent  of  changing 
the  shade  or  tint,  and  in  extreme  cases  destroying  the  color,  and 
had  found  that  samples  of  painted  scenery  treated  with  a  trade 
preparation  called  '^filreproofine"  became  marred  by  a  dusty 
white  efflorescence. 

Possibly  this  efflorescence  is  to  some  extent  a  matter  of 
manipulation,  and  the  decision  about  injury  to  colors,  as  sug- 
gested regarding  the  promotion  of  mildew,  had  best  be  made 
after  we  are  all  possessed  of  the  result  of  a  few  years'  experience 
with  the  present  legal  requirements  for  fire-proofing  scenery  in 
practical  use  and  with  solutions  of  the  strength  actually  applied. 
What  little  I  have  seen  of  men  at  work  on  fireproofing  scenery 
leads  me  to  fear  that  in  order  to  avoid  discoloration  and  efflores- 
cence, the  solutions  will  be  put  on  too  weak  for  the  best  flame- 
proofing,  and  that  after  the  Iroquois  is  a  little  further  in  the  past, 
most  of  the  scenery  will  no  longer  be  treated  for  flameproofing. 

This  eflfect  of  antipyrine  chemicals  upon  colors  is  a  question 
for  the  chemist  rather  than  the  engineer,  and  it  is  quite  possible 
that  a  full  range  of  the  necessary  <5olors  could  be  worked  out 
from  pigments  that  would  not  be  changed  by  the  flame-proofing 
liquids,  pxirticularly  if  the  antipyrine  chemical  be  applied  to  the 
new  canvas  before  sizing. 

The  WhippU  and  Fay  Investigations  on  ^''Fireproofing'^''  Scenery, 

Mr.  Whipple  and  Dr.  Fay  gave  much  time  to  testing  the  rela- 
tive efficiency  of  various  solutions  and  to  developing  standard 
methods  <^f  test,  by  which  the  relative  efficiency  of  one  fire  retar- 
clant  solution  could  be  compared  with  another,  and  their  work 
is  so  complete  and  instructive  that  I  regret  I  can  present  here  only 
a  summary  of  it. 

The  following  brief  outline  will  show  its  general  scoj^e. 

The  results  may  be  summed  up  as  follows: 
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(1)  Phosphate  of  ammonia  was  found  the  most  efficient 
antipyrine. 

(2)  Tungstate  of  soda,  so  often  found  recommended  in 
the  text-books,  was  found  to  possess  almost  no  value. 

(3)  The  various  proprietary  solutions  when  analyzed  were 
found  to  be  all  based  on  one  or  another  of  the  ammonium 
salts,  commonly  the  phosphate,  but  frequently  the  cheaper 
sulphate  substituted  in  whole  or  in  part. 

(4)  Linen  canvas  or  cotton  cloth,  fireproofed  in  the  best 
manner  possible  by  any  of  these  solutions,  could  be  quickly 
burned  to  total  destruction  if  a  sheet  were  rolled  in  a  loose 
coil  with  the  axis  vertical  and  a  space  of  perhaps  one-half  an 
inch  between  the  folds,  and  a  fire  then  lighted  with  a  small 
wad  of  excelsior  at  the  bottom  of  the  roll;  this  method  of 
test  serving  to  confine  the  radiant  heat  and  the  gases  dis- 
tilled from  the  fiber.  This  was  of  special  interest  since  strips 
of  the  same  cloth  tested  in  the  manner  that  has  satisfied  pre- 
vious experimenters— by  holding  the  strips  of  treated  cloth 
vertically  over  an  ordinary  Bunsen  flame — could  not  be  ig- 
nited and  appeared  almost  perfectly  flameproof. 

(5)  The  most  efficient  part  in  the  fireproofing  of  fibers  was 
found  performed  by  the  covering  of  the  fiber  with  a  non- 
volatile liquid  that  excluded  the  oxygen.  Phosphoric  acid 
proved  better  for  this  purpose  than  any  other  substance 
tested,  but  obviously  could  not  be  applied  alone  because  of 
its  corrosive  action  on  fibers  and  colors. 

(6)  The  ammonium  in  combination  with  it  in  phosphate 
of  ammonia  was  found  of  value  chiefly  in  locking  up  the  cor- 
rosive qualities  of  the  phosphoric  acid  until  released  by  the 
heat  of  the  fire,  and  thus  giving  a  comparatively  harmless 
compound  for  application  to  color  and  fabric. 

(7)  The  method  of  application  of  the  fireproofing  solution 
to  the  canvas  was  found  to  have  great  influence  on  the  de- 
gree of  fire  protection  secured.  One  of  the  best  solutions, 
when  brushed  cold  over  the  back  of  old  scenery,  penetrated 
the  fiber  so  little  as  to  be  of  no  value,  but  when  applied  hot 
was  efficient.  Under  some  conditions  the  linen  canvas  is 
repellent  of  water,  as  one  finds  on  trying  to  dry  the  hands 
on  a  new  crash  towel.     When  the  liquid  is  applied  rapidly 
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to  a  vertical  surface  with  a  brush,  linen  cloth  does  not  ab. 
sorb  it  readily.  Hot  application  of  the  solution  adds  much 
to  its  efficient  penetration  of  the  fiber.  For  new  scenery, 
probably  the  best  method  is  to  saturate  the  canvas  between 
rollers  in  a  bath.  The  next  best  method  is  to  mix  the 
chemicals  with  the  water  of  the  glue  size  that  the  scene 
painter  puts  on  before  painting  his  picture. 

(8)  Tests  of  the  tendency  of  the  various  chemicals  to  in- 
duce decay  were  made  by  sowing  some  of  the  treated  sam- 
ples with  mold  spores.  Other  tests  were  made  by  adding 
various  per  cents,  of  phosphate  of  ammonia  to  nutrient  gela- 
tine and  to  mixtures  of  the  glue  size,  and  incubating  these 
for  tests  of  bacterial  growth. 

(9)  The  effegt  of  the  solutions  on  the  colors  ordinarily  used 
by  the  scenic  artist  was  not  found  bad,  except  in  case  of 
some  of  the  more  delicate  blues  and  greens,  but  a  greater 
length  of  time  would  be  necessary  before  positive  statements 
about  this  can  be  made. 

(10)  When  canvas  that  has  been  flameproof ed  is  actually 
burned  as  it  may  be  under  practical  conditions,  it  gives  off 
fumes  that  may  be  even  more  dense  and  suffocating  than 
those  from  the  untreated  canvas. 

Proof  thai  the  Kind  of  Paint  Used  on  Scenery  Makes  it  Less 
Readily  CombxcstihU. 

At  the  beginning,  Messrs.  Whipple  and  Fay  made  tests  of  the 
comparative  combustibility  of  old  painted  scenery  canvas  with 
new  unpainted  canvas  by  taking  strips  all  of  the  same  size,  thirty 
inches  high  by  three  inches  wide,  and  burning  them  while  hang- 
ing vertically  from  a  nail,  in  a  box  that  shielded  them  from  cross 
drafts  of  air.  The  specimens  were  all  lighted  at  the  bottom  and 
all  under  similar  conditions. 

Table  6. 


«,w«,.^»«  v«       '  OriKinnl  WelKht  of     Time  of  Burning,     ^,*!\?J,l"^yte'"' 


11.0  80  40  % 

16.1  85  4b  % 
18.7  42  61  % 
24.1  58  121  % 
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In  No.  3  the  paint  was  heavier  than  the  canvas. 

It  will  be  noted  the  retardation  of  the  flame  was  proportional 
to  the  amount  of  paint.  The  flames  reached  a  maximum  height 
of  one  and  five-tenths  feet. 


Order  of  Experimenting  on  Effect  of  Various  Antipyrines, 

The  general  course  of  the  subsequent  experimenting  followed 
by  Whipple  and  Fay,  stated  briefly,  ran  as  follows: 

As  a  preliminary  experiment,  strips  of  cotton  cheese  cloth  were 
dipped  in  various  saturated  solutions,  and  after  drying  were 
lield  in  a  Bunsen  flame.  The  substances  were  thus  quickly  proved 
as  to  relative  efficiency  as  follows:  the  ammonium  phosphate  in 
saturated  solution  proving  most  efficient  of  any. 

Full  notes,  which  I  will  not  take  space  to  reproduce  here,  were 
made  of  the  behavior  of  each  sample  as  a  guide  to  further  tests. 

Helativdy  Poor  ReKults.  RtlcUivdy  Fair  liesuUs. 

Common  salt.  Ammonium  chloride. 

Boric  acid.  Martin  &  Tcs.ficr'B  formula. 

Borax. 

Korax  ]4  nnd  sodium  sulphate,  %. 

Sodium  phosphate. 

Sodium  Hiilphale. 

Sodium  tnngstate,  lh%  sol. 

Bicarbonate  of  soda.  Relafirdy  Good  Results. 

Ammonium  sulphate,  half  sat.  sol.  Ammonium  phot^phatc. 

Ammonium  phoophatui^,  and  sodium  sulphate  ^.    Phosphoric  acid. 

Aluminum  sulphate.  Borax  i  and  ammonium  sulphate  ^. 

Potash  alum  of  various  strength  of  sol.  Ammonium  sulphate. 

'•  Paris  Theater  solution."  Calcium  chloride.  25i%  sol. 

*'  Subrath's  Formula."  *'  New  Paris  solution." 

Next,  explanation  was  sought  of  the  reason  for  the  behavior 
of  the  various  li  reproofing  compounds. 


Points   in  Theory  of  Flaineproofing  Estuhlished  hy  the  Whipple 

and  Fay  Test^, 

(1)  The  influence  of  the  water  of  crystallization  in  retarding 
ignition  was  studied.  It  was  found  that  although  different 
samples  of  cloth  treated  respectively  with  alum,  borax  and 
sodium  tungstate  and  each  loade<l  with  all  it  could  carry,  the 
large  amount  of  water  of  crystallization  in  these  salts  did  not 
make  them  efficient  fire  retardants.  The  subject  was  studied 
further  by  selecting  two  salts,  both  compounds  of  the  same 
phosphoric  acid,  but  one  possessing  twelve  molecules  of  crystal 
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water,  or  over  sixty  per  cent.,  while  the  other  possessed  none; 
sodium  phosphate  and  ammonium  phosphate  being  chosen.  The 
chemical  reactions  were  studied  through  the  successive  stages, 
and  the  relative  effect  judged  by  weighing  the  amount  of  char 
left  after  ignition  of  the  treated  cloth.  It  hecame  plain  that 
water  of  crystallization  played  a  much  less  important  part  than 
thefluUi^  vamish'Uke  residuum. 

(2)  Tests  were  then  made  for  learning  of  the  influence  of  the 
ammonia  given  off  from  the  phosphate  of  ammonia  when  heated 
by  comparing  the  eflfects  of  potash  alum  and  ammonia  alum.  The 
ammonia  alum  proved  somewhat  the  better,  indicating  that  the 
evolution  of  ammonia  had  some  small  value. 

(3)  Tests  were  made  to  learn  of  the  efficiency  of  the  phos- 
phoric acid  left  from  heating  the  phosphate  of  ammonia  by  start- 
ing with  canvas  treated  with  phosphoric  acid.  The  phosphoric 
acid  proved  nearly  as  efficient  a  fire  retardant  as  the  phosphate 
of  ammonia.  Th^^  chief  value  of  the  ammonia  in  the  phosphate 
of  ammonia  appeared  to  he  the  rendering  of  the  phosphoric  a^id 
less  harmfxd  to  canvas  and  colors, 

(4)  A  study  was  next  made  of  the  absorption  of  heat  by  the 
volatilization  and  decomposition  of  the  fireproofing  salts,  and  it 
was,  for  example,  made  apparent  that  the  jiumber  of  thermal 
units  absorbed  in  driving  out  the  combined  water  from  a  given 
weight  of  ammonium  chloride  was  nearly  four  times  as  great  as 
for  an  equal  weight  of  sodium  phosphate,  and  this  helps  make 
clear  why  ammonium  chloride  has  flameproofing  qualities  of 
some  value,  while  the  sodium  phosphate  is  comparatively  worth- 
less for  this  purpose. 

(.5)  A  study  was  then  made  of  the  combustible  quality  of  the  gases 
<listillo(l  off  when  canvas  that  had  been  treated  by  various  flame- 
pn)ofing  compounds  was  ignited,  in  order  to  learn  if  inert  gases 
derived  from  the  chemicals  used  for  flameproofing  diluted  the 
combustible  gases  from  the  cellulose,  to  the  point  where  the 
combined  gases  would  not  ignite.  For  this  purpose  little  rolls 
of  linen  untreatoil,  and  treated  l)y  various  chemicals,  were  heated 
to  destruction  separately  in  glass  ignition  tubes,  five-eighth  of  an 
inch  diameter  x  (>  inches  long,  placed  with  the  end  in  a  mullle, 
heating  the  muflle  by  gas  to  a  temperature  which,  judging  by 
the  color,  was  from  one  thousand  degrees  to  twelve  hundred 
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degrees  Centigrade.  This  temperature,  as  shown  by  the  color, 
was  maintained  nearly  constant  all  through  these  ignition  tests. 

These  test  rolls  were  two  and  one-half  inches  long  and  lay 
only  within  the  uniformly  heated  zone  at  the  bottom  of  the  test 
tube.  The  distilled  gas  issuing  from  the  end  of  the  test  tube  was 
ignited.  The  progress  of  the  charring  of  the  canvas  could  be 
observed  through  the  glass  tube.  The  relative  amounts  of  tarry 
matters  condensed  at  the  cooler,  outer  portion  of  the  tubes  was 
also  compared. 

It  was  found  that  canvas,  flameproofed  so  that  a  strip  of  this 
canvas  could  not  be  made  to  ignite  from  a  Bunsen  flame,  would, 
when  tested  in  the  ignition  tube,  not  give  oflf  ignitible  gases  from 
the  tube.  The  rapidity  and  simplicity  of  the  ignition  tube  test 
were  found  such  as  to  commend  it. 

Therefore,  series  of  tests  with  the  whole  line  of  known  efficient 
fire  retardant  compounds  was  made  in  this  manner,  and  full  notes 
of  their  behavior  kept. 

As  a  result  of  the  tests  thus  far,  it  was  concluded  in  brief: 

(a)  That  inert  chemical  substances  can  exert  but  very  slight 
fire-retarding  action. 

(J)  The  fire-retarding  action  of  salts  which  depend  for  fire- 
retardant  quality  cyily  upon  their  water  of  crystallization,  like  pot- 
ash, alum,  sodium  phosphate  and  borax,  is  slight  and  unimpqrtant, 
although  somewhat  superior  to  that  of  inert  substances. 

(c)  Fire  retardants  of  the  class  which  suffers  chemical  de- 
composition under  heating  are  decidedly  more  efficient  than  those 
which  depend  on  the  driving  off  of  water  of  crystallization,  but 
still  far  less  efficient  than  the  class  that  follows. 

(d)  The  most  efficient  salts  are  those  whwh  on  decomposing  leave 
hehind  a  non-volatile  residiie  which  is  fluid  at  the  temperature  of 
the  burning  canvas^  amd  covers  the  charring  fabric  with  a  thin  glaze 
which  prevents  further  access  of  air  ^  and  of  this  type,  phosphate 
of  ammonium  was  found  to  be  the  best. 

Analyses  of  Sundry  Proprietary  Fireproofl/ng  Solutions  in 
Use  in  1904  to  Meet  the  Recent  Requirements  of  the  New 
York  Building  Law. 

The  following  table  gives  the  result  of  chemical  analysis  of  the 
most  prominent  fireproofing  solutions  found  at  that  time  on  sale 
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in    the    New  York  market   for    the   purpose   of    fireproofing 
scenery : 

Grams  per  100  Cabic  Centimetera. 


•30        c2  c5        a?     §1     as    ^-o     is 

^?       Ifl  |o       I2    ^"^    «^   «'*'    52 

1.  Pireprooflne 6.8  1.5        2.5    2.8* 

2.  H.  S.  Pireprooflng  Solution 16.6    12.6    

8.  Electric 24.6    17.0        ....      9.7    .... 

4.  H.  W.  Johnp' Compound 16.7       10.7        5.8 

6.  Noflame 15.5         8.4  5.0        

6.  Blenio  Solution ...    20.7         3.7  15.6        1.4 

7.  SaUmanderine 17.4         8.1        5.8    ....      3.6 

8.  Aniipvnis  Kln^iana 23.9  18.5        ....      2.0     1.0    ....      2.6 

9.  Van  Kipper  Solution present     

10.  Lamb  A  Finlay's  prepare<i  canvas present     present     

*  Combined  aH  glyceride,  8.9  grams  per  100  C.C. 

Tests  were  made  on  scenery  canvas  that  had  been  treated,  the 
fabric  hebig  tlwroughly  impregnated  by  soaking  and  wringing 
out  or  by  brushing  on  both  sides  of  the  heavy  canvas,  with  each 
of  the  foregoing,  both  in  the  Bunsen  flame  and  in  the  glass  tube 
in  the  furnace;  all  of  them  were  found  to  be  fairly  efficient,  Nos. 
9  and  10  being  perhaps  the  least  so.  It  should  be  noted  that  the 
c/oih  i^teil  was  more  thoroughly  impregnated  than  old  scenery  will 
be  when  brushed  over  on  the  ha^k  at  a  single  application.  Those 
solutions  containing  the  larger  amounts  of  ammonium  phosphate 
were  found  the  most  efficient.  The  only  apparent  advantage  of 
the  chloride  or  sulphate  of  ammonium  is  the  fact  that  it  costs  only 
half  as  much  as  the  phosphate;  it  is  less  efficient. 

Sixlium  sulphate,  boric  and  boric  acid  are  present  in  some  of 
the  solutions.  These  were  found  to  contribute  relatively  little 
to  the  flame- resisting  power,  and  the  sodium  tungstate  came  to 
lie  regarded  by  these  chemists  as  worthless  for  this  purpose. 

U,  S.  Patents  on  Firepi^oofir g  Solutions. 

Previous  to  the  investigations  made  for  me  by  Messrs.  Whip- 
ple and  Fay  I  had  procured  from  the  U.  S.  Patent  Office  a 
complete  Hie  of  the  patents  issued  during  a  period  of  about  30 
years,  for  the  purpose  of  studying  them  for  suggestions  as  to 
chemicals  or  processes  to  be  used.  I  found  in  them  nothing  of 
particular  interest.  The  compounds  in  most  cases  were  made  up 
by  mixing  one  and  another  of  the  salts,  alum,  phosphate  of  am- 
monia, borax,  sulphate  of  ammonia,  etc.,  that  have  been  in 
common  use  and  recommended  over  and  over  again  for  50  years. 
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the  novelty  consisting  in  the  precise  formula  for  proportioning 
the  mixture  and  in  the  selection  of  ingredients.  Alwin  Nieske, 
of  Dresden,  Germany,  however,  went  somewhat  outside  the 
beaten  path  in  patenting  in  1901  molybdate  of  sodium  in  a 
10  per  cent,  solution  for  application  to  fabrics  for  fireproofing 
and  preserving  them.  In  general,  fabrics  other  than  theatrical 
scenery  appear  to  have  been  in  the  mind  of  these  patentees,  and 
the  number  of  patents  for  fireproofing  textile  fabrics  is  not 
nearly  so  numerous  as  for  the  fireproofing  of  wood. 


Difficulty  of  Proper  Application  of  Fireproofing  Solutions. 

In  the  foregoing  tests  the  effort  had  been  to  test  the  efficiency 
of  the  solutions,  it  being  assumed  they  would  all  be  most  thor- 
oughly applied. 

The  method  of  application  of  fire-proofing  solutions  was  next 
made  an  object  of  study  by  Whipple  and  Fay.  Samples  of  old 
scenery  were  subjected  to  treatment  by  the  various  more  efficient 
solutions  in  different  ways,  and  finally  in  order  to  produce  uni- 
form results  and  ensure  the  uniform  distribution,  application  was 
made  by  immersion  in  a  bath  containing  submerged  rollers,  while 
dipping,  followed  by  a  wringer  with  rubber  rollers  was  used  as 
an  alternative  method. 

It  became  plain  that  the  method  of  application  and  the  thor- 
oughness with  which  the  solution  was  absorbed  had  much  to  do 
with  efficiency.  In  order  to  completely  saturate  the  fibers,  many 
dips  and  wringings  were  found  necessary.  The  glue  size  of  the 
unpainted  back  of  scenery  canvas  prevents  to  a  considerable  die- 
gree  the  rapid  penetration  and  absorption  of  the  liquids  applied. 
Under  rapid  application  with  a  brush,  the  best  of  the  solutions 
may  fail  to  render  the  canvas  flameproof,  particularly  if  applied 
cold. 

No  inspector  can  tell  from  the  appearance  of  one  of  these  large 
sheets  of  canvas  whether  the  solution  has  been  properly  applied 
all  over  its  surface,  and  probably  all  that  inspection  will  ordi- 
narily amount  to  in  practice  will  be  equivalent  to  what  would 
be  shown  by  the  touching  of  a  lighted  match  to  the  edge  of  the 
canvas  sheet. 

As  to  the  permanence  of  the  residue  left  in  the  canvas,  it  was 
noted  that  when  cloth  that  had  been  treated  by  one  of  the  best 
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of  the  fireproofing  solutions  was  shaken  and  brushed,  the  white 
powder  could  be  shaken  ofif  in  the  form  of  dust,  and  that  more 
was  removed  by  brushing.  This  indicates  that  although  a  freshly- 
treated  canvas  may  be  well  flameproofed,  it  may  lose  this  quality 
to  a  noteworthy  extent  after  the  rough  usage  which  scenery  re- 
ceived on  the  stage  and  on  the  road.  It  would  be  interesting  to 
follow  this  matter  further  by  tests  of  pieces  taken  from  the  mar- 
gins of  scenery  that  had  been  treated,  and  then  had  one  or  two 
years  of  travel  and  use. 

Mildexo, 

It  has  been  claimed  that  the  application  of  fireproofing  solu- 
tions weakens  the  canvas.  If  true,  it  is  important  to  know 
whether  this  comes  from  slow  chemical  action  or  from  the  rotting 
of  fiber  due  to  bacterial  action  or  mold,  since  in  the  latter  case 
a  germicide  could  perhaps  be  incorporated  in  the  solution. 

Tests  of  effect  of  certain  fireproofing  compounds  in  promoting 
mildew  and  mold  were  made;  first,  by  adding  varying  percentages 
of  ammonium  phosphate  to  nutrient  gelatine  which  was  then  ex- 
posed and  incubated  by  methods  common  in  bacteriological  work, 
and,  secondly,  by  seeding  the  worst  treated  canvas  with  mold 
spores.  Time  was  lacking  to  carry  these  tests  to  the  desired 
length,  but  so  far  as  they  went  it  was  found  that  the  glue  used 
to  size  the  canvas  is  probably  a  more  potent  promoter  of  mil- 
dew than  the  salts  employed  for  fireproofing.  Concentrated 
applications  of  the  fireproofing  salts  will  doubtless  retard  these 
organic  growths,  while  dilute  applications  of  some  of  the  salts, 
phosphate  of  ammonia,  for  example,  will  very  likely  stimulate 
mold  and  bacterial  decomposition,  particularly  if  hygroscopic. 
Time  did  not  permit  the  working  out  of  experiments  to  find  a 
suitable  germicide  for  addition  to  the  solutions. 

The  Fireproofing  of  Wood. 

Since  the  pine  frame  work  of  the  set  pieces  and  wings  present 
a  greater  quantity  of  fuel  than  the  canvas  itself,  it  would  be  de- 
sirable to  flameproof  this  wood.  A  simple  brushing  over  with 
phosphate  of. ammonia  or  other  chemical  solutions  is  found  ineffi- 
cient. 

Various  processes  for  making  wood  fireproof  have  long  been 
known  and  have  been  used  on  woo<l  for  interior  finish  and  trim 
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of  fireproof  buildings,  more  here  in  I^ew  York  City  than  any- 
where else,  because  of  certain  favoring  clauses  in  it?  building 
laws. 

The  various  tests  made  by  Professor  Norton  of  the  Massachu- 
setts Institute  of  Technology  *  and  others  have  shown  that,  al- 
though the  wood,  after  treatment,  is  much  less  readily  ignited 
from  a  small  blaze,  as  from  a  match  or  an  electric  spark,  no  real 
fireproofing  results.  Previous  tests  have  covered  this  matter  so 
thoroughly,  and  have  shown  the  loss  of  strength  and  tendency 
to  gather  moisture  and  other  objectionable  qualities  that  follow 
treatment,  that  I  gave  little  attention  to  testing  this  matter 
further,  but  rested  mainly  on  the  tests  of  previous  experimenters. 
I  obtained  sundry  specimens  of  wood  that  had  been  fireproofed 
in  the  commercial  way  from  two  prominent  shipyards  that  had 
war  vessels  under  construction  and  I  made  a  few  simple  tests. 

Fireproof  wood  was  at  one  time  much  used  on  the  war  vessels 
of  the  Navy,  but  has  been  almost  wholly  abandoned  by  reason  of 
its  gathering  moisture  badly  and  the  lessening  of  strength  and 
the  increased  difficulty  of  working  it. 

The  frames  of  scenery  must  be  particularly  light  and  strong, 
and  the  wood  must  possess  its  maximum  strength,  and  should 
not  be  liable  to  warp.  I  do  not  find  that  *' fireproof"  wood 
has  ever  been  used  practically  for  this  purpose  at  any  theater, 
in  this  country  or  abroad,  notwithstanding  the  activity  of  its 
promoters.  I  soon  concluded  that  in  the  present  state  of  the 
art  it  was  too  much  to  expect  that  the  wood  flameproofed  by 
any  of  the  ordinary  commercial  processes  could  come  into  gen- 
eral use  for  battens,  frames,  profiles,  etc.,  of  stage  scenery. 

*  See  •*  Report  on  Fireproof  Wood,"  so-called,  by  Prof.  C.  L.  Norton,  August, 
1902. 

Professor  Norton  summed  up  the  results  of  his  tests  on  samples  of  wood  '*  fire- 
proofed  "  by  three  of  the  more  prominent  commercial  processes  as  follows : 

**  Fireproofed  wood  is  almost  identical  with  untreated  wood  in  the  following 
particulars: 

*'  It  smokes  at  about  the  same  temperature. 

"  It  can  be  ignited  at  about  the  same  temperature. 

"  It  will  continue  to  burn  in  many  cases. 

'*It  is  a  good  fuel. 

"  It  makes  a  very  hot  fire." 

The  ordinary  method  of  teat  of  little  samples  in  the  flame  of  a  laboratory  lamp 
tends  to  greatly  exaggerate  the  extent  of  protection  against  fire  gained.  A  better 
test  is  to  make  a  small  long  vertical  box  of  the  wood,  open  at  top  and  bottom,  and 
let  this  serve  as  a  chimney  for  a  small  fire  kindled  inside  at  the  bottom. 
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^^  Fireproof  ^^  Paints. 

"Fireproof  paints"  are  sometimes  required  by  law  to  be  applied 
to  wood-work  about  the  stage.  The  underwriters'  laboratory  at 
Chicago  had  a  short  time  previously  made  an  extensive  series  of 
tests  of  all  of  the  prominent  ones  in  the  market.  The  unpub- 
lished records  were  placed  at  my  service.  These  tests  had  shown 
that  none  of  these  paints  had  any  noteworthy  value  in  flame- 
proofing  wood,  but  for  confirmation  I  requested  Messrs.  Whipple 
and  Fay  to  make  tests  of  a  few  of  those  most  prominent  in 
the  market.  They  purchased  commercial  samples  and  made 
chemical  analyses  of  several;  each  was  found  to  be  mainly  a  sort 
of  whitewash  consisting  of  slaked  lime,  finely  pulverized  asbes- 
tos, with  also  a  little  alum,  gypsum  and  glue.  The  paint  adhered 
well  when  applied  to  canvas,  but  was  quickly  proved  by  test  to 
have  almost  no  flame-proofing  quality  whatever. 

It  is  difficult  or  impossible,  on  precise  scientific  grounds,  to  see 
how  these  paints  can  have  any  noteworthy  value  against  any- 
thing but  a  very  small  momentary  blaze,  like  that  of  a  match  or 


None  of  these  paints  were  found  to  penetrate  below  the  sur- 
face of  the  wood  as  phosphate  of  ammonia,  for  example,  pene- 
trates into  the  fiber  of  cotton  or  linen  cloth. 

Obviously,  so  thin  a  film  can  have  only  exceedingly  small  effect 
as  a  non-conductor  of  heat.  Radiation  or  contact  must  char  the 
WiK^l  l)eneath  almost  as  quickly  as  if  the  paint  were  not  there. 
The  destructive  distillation  will  give  off  gas  which  will  push 
out,  blister,  and  peel  off  the  paint,  and  this  gas  will  bum. 

In  the  *' asbestos  paints,"  the  pulverized  asbestos,  glued  into  a 
thin  crust  less  than  y^^  inch  thick,  can  obviously  be  of  no  more 
fire  retartlant  value  than  so  much  carbonate  of  lime  or  clay. 
The  8|>ecial  value  of  the  asbestos  in  paints  is  chiefly  as  a  name 
to  conjure  with  in  attracting  purchasers. 

From  all  these  tests  a  common  lime  whitewash  appears  to  be 
as  efficient  a  fireproof  paint  as  anything  yet  found  in  the  market. 

DEVEmPMKNT    OF  STANDARD    MeTHODS   OF    TeST    OF    FlAMEPROOFKD 

Fabrics. 

Finally,  much  attention  was  given  to  devising  a  standard 
method  for  testing  the  relative  efficiency  of  various  chemicals 
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used  for  the  flameproofing  of  scenery  canvas.  It  has  already 
been  explained  that  no  fireproofing  of  cloth  is  effective  against 
severe  heat,  but  it  was  plain,  from  the  preliminary  trials,  that 
some  of  the  solutions  were  much  better  than  others  in  protection 
against  a  little  blaze  like  that  from  a  match,  a  cigarette  or  an 
electric  spark. 

Since  all  samples,  however  flameproofed,  were  destroyed  by  a 
severe  test,  all  of  these  tests,  of  necessity,  had  to  be  merely  com- 
parative, and  canvas  treated  with  a  saturated  solution  of  phos- 
phate of  ammonia  thoroughly  worked  into  the  fiber  was  adopted 
as  the  standard  of  comparison. 


The  ''Stovepipe''  Test. 

In  the  effort  to  more  nearly  follow  practical  conditions,  one 
set  of  tests  was  developed  on  the  line  of  my  earlier  stovepipe 
experiment  by  burning  fireproofed  canvas  within  a  piece  of  five- 
inch  stovepipe  two  feet  long  lined  with  asbestos,  as  shown  in 
Figs.  10  and  10a.  Six  strips  of  the  canvas,  thoroughly  treated 
with  the  different  solutions,  were  placed  three-fourths  of  an  inch 
apart  and  ignited  by  burning  one  ounce  of  excelsior.  In  every 
case  the  canvas  humed  completely  to  OLsh  in  from  three-fourths  of 
a  minute  to  one  and  one-half  minutes^  with  flames  which  often  ex- 
tended two  feet  ahove  the  top  of  tJte  stovepipe.  Tests  in  the 
stovepipe  apparatus  on  the  efficiency  of  different  flameproofing 
chemicals  were  made  comparable  by  taking  the  same  quantity 
of  canvas  in  each  and  by  lighting  the  fire  with  the  same  quantity 
of  combustible. 

In  the  first  efforts  to  standardize  the  "stovepipe  test,"  it  was 
found,  after  considerable  experimenting,  that  by  using  a  piece 
of  the  untreated  canvas  eight  inches  high  by  three  inches  wide 
for  a  kindling  piece,  and  pinning  this  to  the  bottom  of  a  strip 
of  the  flameproofed  canvas  sixteen  inches  long  hung  from  the 
top,  the  flames  from  the  kindling  piece  would  barely  reach  to  the 
top  of  the  pipe,  and  as  ammonium  phosphate  had  proved  the  most 
efficient  of  the  chemicals  used  in  previous  tests,  the  behavior  of 
a  strip  of  canvas  thoroughly  impregnated  with  this  was  taken  as 
the  standard  for  comparison. 

The  height  of  flame  did  not  prove  a  good  basis  for  comparisons 
because  of  the  varying  weights  and  thickness  of  canvas  and  the 
varying  amounts  of  glue  and  paint  applied.     The  amount  of  char 
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Vui.  10. — The  "Stovepipe"  Test  of  Scexehy  Canvas. 
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produced  was  found  the  best  basis  of  comparison.  A  strip  thus 
prepared  and  lighted  by  the  strip  of  untreated  canvas,  as  above 
described,  is  for  a  short  time  bathed  in  flame  from  the  burn- 
ing of  the  strip  below.  A  single  strip  thus  tested  alone,  when 
taken  out  of  pipe,  is  found  with  its  lower  end  blackened  and 
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"Stove  pipe"  for  t-a<<tinjr 
"Fire  proof"  Canvas 

Fio.   10a. 


charred  up  for  about  half  the  length,  and  the  upper  end  white 
and  unscorched,  but  on  placing  several  flame-proofed  strips  side 
by  side  in  the  stovepipe,  all  were  consumed. 

In  the  following  tests  (see  Tables  7  and  8)  six  strips  of  canvas 
thoroughly  treated  were  placed  side  by  side,  three-fourths  of 
an  inch  apart,  and  ignited  by  burning  one  ounce  of  excelsior. 
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In  each  case  all  was  burned  to  ash  in  from  forty -five  seconds  to 
ninety  seconds  with  flames  which  often  extended  two  feet  above 
the  top  of  the  pipe. 

Fig.  10  shows  a  photograph  of  the  apparatus  and  Fig.  10a  a 
sectional  drawing  of  it.  The  little  material  left  hanging 
up>on  the  ring  at  the  left  of  the  retort  stand,  with  the  charred 
material  on  the  tray  beneath,  shows  what  remained  from  one  of 
these  tests.  On  the  ring  at  the  right  are  shoAvn  the  strips  as  pre- 
pared for  insertion  in  the  pipe. 


Table  7. — Stovepipe  Test  on  New  Unpaintkd  Fireproof  Canvas. 


Solution  Used. 

Weight  of 

strip  of  Can- 

vaa  before 

Testing 

(Grams). 

Weight  of 

Ash 

Remaining 

(Grams). 

Weight  of 
Substance 
Consumed 
(Grams). 

Percent 

of  Substance 

Burned. 

Borax 

52 
62 
58 
62 
72 

0.7 
0.5 
1.5 
3.0 
23.0 

51.3 
615 
56.5 
59.0 
49.0 

99 

Axumonium  chloride 

99 

Sodium  phosphate 

97 

Alaminium  sulphate 

95 

Ammouium  phosphate 

68 

It  will  be  noted  that  the  ammonium  phosphate  gave  the  best  result. 


Table  8.— Stovepipe  Test  on  Old  Fireproofed  Scenery. 


Solation  Used. 


•a.  Chicaffo  Solution 

f  b.  Ammonium  Sulphate... 

|c.   Ammonium  Sulphate. . . 

d.  Ammonium  Phosphate. 


(1)  Fire  Proofine 

(2)  H    S.  (*ompound  , 
(8)  Electric 

(4)  H.  W.Johns'.... 

(5)  No  Flame    

(6)  Blenio 

(7)  Salamanderine. . . 


Weight  of 
Strip  of  Can- 
vas before 
Testing 
(Grams). 


78 

77 

16 

102 

186 
91 

101 
91 
93 
97 
94 


Weight  of 

Afh 

Remaining 

(Grams). 


Weight  of 
Substance 
Coiisnmed 

(Grams). 


Per  Cent. 

of  Substance 

Burned. 


18 

21 

5 

40 

64 
28 

35 
28 
36 
30 

27 


60 
C6 
11 
62 


77 
73 
69 
61 


72         1 

68 

63 

69 

66 

65 

63 

69 

57 

61 

67 

69 

67 

71 

Here,  with  the  old  painted  scenery,  as  in  the  scries  just  above  with  new  can- 
van,  nothing  was  found  hetter  than  the  ammonium  phosphate. 

Thin  tent,  although  so  simple,  is  so  severe  that  the  specimens  show  little 
difference  in  quality  of  the  fireproofing. 

The  per  centn.  in  this  tahle  do  not  Btrictly  represent  the  fire-retHrdin<r  action, 
since  the  per  cent,  is  figured  on  the  original  weight,  including  the  incombustible 
mineral  pigment. 

•  Ammonium  phonnhate,  ammonium  sulphate,  ammonium  ciiloride,  borax  and  boric  acid. 

t  On  old  Arenery  like  the  others,  except  c. 

t  On  gauxe. 
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Lamp  Teats  of  Flame-proofed  Scenery, 

Although  no  solution  found  would  protect  the  canvas  so  that  it 
could  withstand  a  severe  test,  it  appeared  desirable  to  devise  some 
simple  portable  standard  means  of  comparing  the  eflBciency  of 
various  trade  solutions  with  that  of  the  standard  phosphate  of 
ammonia  thoroughly  worked  into  the  fabric — something  that  an 
inspector  of  the  city  building  department  could  use  on  his  round 
for  finding  out  if  the  law  which  requires  flame-proofing  of  scenery 
canvas  has  been  complied  with,  if  he  desired  something  more 
like  apparatus  than  a  box  of  matches  or  a  plumber's  gasoline 


i.. 

Chimney  rutpcd  ii 


WrU1iJ*rh  chimney  liolilcr 
FititlLUM  cut  to  fit  lump 

Birnu  iilculiul  lamp 


Portfii  ■ 
by  Whipple  and  Fay  for 
testing  coniparative  efficieii;."y 
of  the  Flame-proofing  of  Canvas 
by  varioas  chemicals 

Fig.  11. 


torch,  or  something  that  would  permit  a  more  definite  record  of 
the  degree  of  resistance. 

The  testing  lamp  finally  adopted  by  Messrs.  Whipple  and  Fay 
is  shown  in  Fig.  11. 

The  apparatus  consists  of  a  common  alcohol  lamp  two  inches 
high,  two  and  one-half  inches  in  diameter,  fitted  with  a  Wels- 
bach  chimney  holder.  The  chimney  served  to  protect  the  flame 
from  side  drafts,  and  thus  to  some  extent  prevented  the  dissipa- 
tion of  the  gases.  The  chimney  also  served  to  support  the  sample 
and  keep  it  in  a  central  position  over  the  flame.  The  chimney 
was  raised  half  an  inch  above  its  seat  in  order  to  allow  air  to 
enter  freely.  The  strips  to  be  tested  by  the  lamp  were  cut  eight 
inches  long  and  one  inch  wide.  Each  strip  was  folded  over  one- 
half  inch  at  the  top,  so  as  to  allow  a  slender  wire  to  be  passed 
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1.  Ammonium  I*hot«phale. 

2.  Ai)tipn)!«  Kliiuiana. 
8.  SubrathV  Formula. 
4.  NfW  Paris  Solution. 


5.  Martin  Jk  Tessicr's  Solution. 

6.  Salamanderine. 

7.  "No  Flame." 


Fig.  12. 


H.  ••  Klorfrir  Firoproofln^  Solution. " 
W.   Fin-pHKifliu'. 

10.  S«Mlium  Tunjp*Uito. 

11.  Itoric  A(i«l. 

Kkj.    V2\, 


I'J.  Aminoiiia  Alum. 
18.  Sum  rho^phaf*'. 
14.  lN>tU(«hdiu  Alum. 


FLAMK-pRtMiFKi)  (anvas  Strips  O.vk  Inch  Widk  Aktku  Test  OF  One  Minute 
IN  Au*oii()L  Lamp  Flame  Two  Inches  IIkui.  Showing  Compakativk 
RFriciBN<  Y  OF  Various  "Fiueproofing  "  Chemicals  for  Preventing 
Igk.tion  by  a  Petty  Fi<ame. 
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1&,  ALtLfDuiiiuru  riiofrtihute. 
111.  AmmoDlum  3u1pnatis, 
IT.  Ammoiifum  Cliloilde. 


21.  Canvas  Fireproof ed  in  Manufacture. 
Fig.  12b. 


as.  Old  Scenery  Treated  wHb  i::.   1     i  ■  lu  snjuttuti. 

26.     "         *'  "  •'     Solution  in  Chicago. 

Bleiiio  Solution. 
Salamanderine. 
'*  No  Flame," 

Fig.  12c. 
Flame-Proofed  Canvas  Strips  One  Inch  Wide  After  Test  of  One  Minute 
IN  Alcohol  Lamp  Flame  Two  Inches  High,   Showing  Comparatiye 
Efficiency  of  Various  *'Fireproofing"  Chemicals  for  Prbybnting 
Ignition  by  a  Petty  Flame. 
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through  it  for  support.  This  wire,  resting  across  the  top  of  the 
chimney,  supported  the  strip  of  canvas  so  that  its  lower  end  hung 
into  the  top  of  the  flame  for  one-half  an  inch.  The  alcohol  flame 
was  kept  at  a  constant  height  of  two  inches. 

The  tests  of  canvas  made  in  this  way  corresponded  in  results 
to  those  made  in  the  stovepipe,  with  the  advantage  of  speed  in 
testing  and  of  being  able  to  see  through  the  glass  chimney  what 
was  actually  taking  place.  The  time  of  a  single  test  was  one 
minute.  The  accompanying  photographs,  Figs.  12  to  12c,  show 
the  result  of  a  lamp  test  upon  canvas  that  had  been  thoroughly 
impregnated  with  various  solutions  and  dried.  It  is  doubtful 
if  in  practice  scenery  canvas  would  be  so  carefully  impregnated 
with  the  solution,  and  doubtful  if  all  the  solutions  would  be 
made  as  strong. 

This  test  is  useful,  after  all,  mainly  for  the  purpose  of  compar- 
ing the  efficiency  of  one  method  of  flame-proofing  treatment  with 
another  with  greater  precision  than  by  the  common  rough  test 
of  holding  a  small  strip  of  the  fabric  in  a  gas  flame,  and  it  should 
always  be  kept  in  mind  that  canvas  which  shows  little  effect  of 
burning  in  this  test  can  easily  be  burned  to  total  destruction  in 
the  stovepipe  test,  and  that  canvas  which  appears  well  fireproofed 
by  these  litUe  single-strip,  lamp-flame  tests  would  doubtless  bum  with 
a  rush  of  flume  and  suffocating  smoke  in  a  theater  fire. 

For  the  practical  purpose  of  seeing  if  the  law  has  been  complied 
with,  and  the  scenery  flame-proofed  enough  so  a  match,  or  gas 
jet,  or  electric  spark  wiU  not  ignite  it,  a  simple  test  with  a 
plomber's  torch,  or  even  with  burning  matches  applied  at  the 
frayed  edges  and  seams,  in  the  hand  of  a  thoroughgoing  in- 
spector will  serve  all  practical  purposes. 
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Dry  Powder  Fire  Extinguishers. 

On  and  about  the  stage  of  the  Iroquois  Theater  were  several 
tubes  of  Kilfyre,  so-called,  one  of  the  numerous  "dry  powder  fire 
extinguishers,"  in  a  long  red  tube,  that  have  been  so  vigorously 
pushed  into  notice  by  enterprising  salesmen  during  the  last  few 
years.  One  of  the  men  on  the  stage  promptly  and  courageously 
tried  to  extinguish  the  fire  with  this  powder.  The  burning 
scenery  and  the  fireman  were  not  in  the  best  positions  for  an 
extinguisher  of  this  kind  to  make  its  best  showing,  and,  of 
course,  he  accomplished  nothing  whatever,  except  the  loss  of 
valuable  time.  The  fact  that  such  unreliable  material  was  relied 
on  there,  and  is  to-day  hung  up  in  public  places  where  it  gives 
a  false  sense  of  security,  prompts  me  to  devote  some  little  time 
to  this  subject. 

The  chief  reason  why  these  long  tin  tubes  of  dry  i)owder  have 
become  popular  is  that  they  can  be  manufactured  for  about  ten 
cents  each,  and  that  they  retail  as  high  as  $3.00  each. 

They  are  nearly  all  composed  of  common  bicarbonate  of  soda 
(or  cooking  soda),  frequently  disguised  by  the  admixture  of  a 
little  cheap  coloring  matter  like  Venetian  red,  and  prevented 
from  caking  by  the  addition  of  starch. 

I  procured  a  set  of  the  U.  S.  patents  on  fire  extinguishing 
compounds  of  this  class  and  studied  them  for  suggestions  as  to 
some  more  potent  salt  than  the  bicarbonate  of  soda,  without 
success.  In  the  several  patents  the  claim  for  novelty  generally 
rests  on  the  proportion  of  the  mixture  with  Venetian  red,  yellow 
ochre,  fullers  earth,  starch,  etc.,  added  to  the  bicarbonate  of  soda 
to  prevent  caking. 

The  party  who  recommended  and  sold  these  tubes  of  Kil- 
fyre  to  the  Iroquois  was,  I  am  assured,  an  honest  man  who 
fully  believed  in  their  efficiency,  and  in  an  effort  to  save  others 
from  like  mistakes,  I  have  had  samples  of  everything  of  this  kind 
that  I  could  find  in  the  Chicago  market,  the  Boston  market  and 
the  New  York  market  purchased  in  the  ordinary  channels  of 
trade  by  different  parties,  and  the  respective  groups  of  samples 
analyzed  by  three  different  chemists,  in  order  to  fortify  myself 
against  the  possibility  of  wronging  anyone  through  a  mistake  in 
the  analysis,  and  have  had  samples  sealed  up  and  retained  for 
further  analyses  should  anyone  question  my  figures. 
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Fig.  13  is  from  a  group  of  these  extinguishers  from  which 
samples  were  taken  for  test. 

Bicarbonate  of  soda  or  common  cooking  soda  or  kitchen  sal- 
eratus  is  seen  to  be  the  principal  ingredient  in  every  case. 

The  bicarbonate  of  soda  can  be  purchased  in  quantity  for  about 
one  and  three-fourths  cents  per  pound.  Each  tube  commonly 
contains  two  and  one-half  to  three  pounds.  The  cost  of  the  tin 
box  and  its  gorgeous  label  may  be  enough  to  bring  the  whole  up 


Fio.  1.3.— A  Group  of  Dry  Powder  Fire  Extinguishers. 

to  ten  or  fifteen  cents.  If  these  are  what  one  wants,  why  pay 
from  two  dollars  to  three  dollars  apiece  for  them  ?  Why  not  buy 
a  package  of  common  kitchen  *^  saleratus  "  at  the  grocer's? 

I  have  heard  remarkable  stories  of  what  they  will  do.  Ke- 
markable  exhibitions  are  sometimes  given  under  circumstances 
8|>ecially  devised.  My  New  York  friend,  the  chemist,  was  given 
an  exhibition  by  a  man  who  poureil  a  thin  stream  of  benzine  on 
the  floor,  lighted  it  and  extinguished  some  of  the  powder.  My 
friend  was  impressed,  but  did  some  experimenting  at  home  and 
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A  table  of  representative  analyses  follows: 

Table  9.— Analysis  op  Dky  Powder  Fire  Extinouishers. 
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Another  series  of  analyses  ran  as  follows : 

Table  10. 


Ifftme  of 
Diy  Powder 

Fine  EillDifaigheT. 

Per  Ceiu.  of  ChernicaJB  by  Weight. 

PriM 

per 

Tub«. 

1^ 

i 

8^ 

q 

si 

ll 

3 

1 

t£  50 

Kilfy™ 

Pmi- American 

BclLpofl 

Mad  vl  lie 

la. 3 
m  n 

50.8 

«,. 

4.0 
4M 

4.0 
I7.fi 

10.0 
14  1 
1*.0 

IS.fl 
10. 1 

a.oa 

3  Oc^ 

W.7 

0.4 

.... 

.... 

9.0 

'  ei" 

...,*. 

S  00 

8,00 

Plienlx 

«... 

.... 

Another  series  as  follows: 
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found  that  after  a  little  practice  he  could  do  the  same  with  either 
sand  or  salt.  We  had  tests  made  of  two  of  them  by  our  inspec- 
tors a  few  years  ago  and  found  them  of  doubtful  value  on  the 
smallest  fires,  and  worthless  for  a  fire  in  free  ventilation.  They 
show  up  particularly  well  in  a  little  fire  kindled  in  an  office 
spittoon. 

Xo  doubt,  the  material  has  some  small  value  for  a  certain  class 
of  fires.  Doubtless,  it  is  wise  to  carry  a  few  tubes  of  this  on  an 
automobile.  Doubtless,  in  confined  situations,  on  the  apron  of 
a  cotton  picker,  even  the  bicarbonate  of  soda  powder  may  some- 
times do  remarkably  well,  but  Dry  Powder  Fire  Extinguishers 
should  never  be  used  to  give  a  false  sense  of  security  about  the  stage 
of  a  theater. 

We  do  not  recommend  these  tubes  of  dry  powder  in  factory 
fire  protection.  We  recommend  they  be  thrown  into  the  rubbish 
heap.     Pails  of  water  are  far  more  reliable. 

On  the  other  hand,  the  "soda  water  fire  extinguishers,"  con- 
sisting of  a  copper  cylinder  containing  two,  three  or  four  gallons 
of  a  strong  solution  of  bicarbonate  of  soda,  with  a  bottle  of  acid 
at  the  top  so  arranged  that  it  can  be  upset  into  the  soda  and 
water,  thereu[)on  generating  a  strong  pressure  by  the  evolution 
of  carbonic  acid  gas,  are  excellent  for  many  situations  where 
pails  would  be  unsightly. 

Hand  Grefiades. 

These  are  glass  bottles,  commonly  of  roughly  spherical  shape, 
and  holding  about  a  quart  each  of  a  liquid  that  it  is  claimed  pos- 
sesses marvellous  fire  extinguishing  properties.  I  found  many  of 
those  scattore<l  about  in  some  of  the  older  theaters. 

As  showing  what  people  will  pay  good  money  for  in  the  eflFort 
to  get  fire  protection,  I  was  interested  in  the  story  that  one  of 
my  agents,  a  chemist,  in  collecting  siimples,  brought  in  about 
band  grenades.  We  had  purchased  examples  of  some  of  the  dif- 
ferent kinds  of  hand  grenade,  and  had  brought  home  a  few  sam- 
ples that  we  found  hanging  in  theiiters  and  bad  their  contents 
analyze<l.  In  the  case  of  particular  interest,  the  salesman  offered, 
as  pnK>f  of  the  superior  merits  of  his  compound,  the  statement 
that  a  (juantity  of  his  particular  make  and  style  of  hand  grenade 
had  just  l>een  purchased  by  the  United  States  Government  for 
the  pn>tection  of  one  of  the  battleships.     Our  analysis  shows  the 
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contents  to  be  simply  water  and  common  salt.  I  myself  saw  a 
hand  grenade  of  the  same  appearance,  bearing  the  same  label, 
in  the  model  of  the  battleship  at  the  St.  Louis  exposition,  so 
perhaps  it  is  true  that  the  United  States  government  purchased 
salt  water  at  fifty  cents  per  quart  bottle  for  the  fire  protection  of 
battleships. 

The  chemists  reported  the  following  analyses  in  certain  samples 
of  hand  grenades.  As  stated,  most  of  these  samples  were  old 
and  not  direct  from  the  maker. 

Analysis  op  Contents  op  "Hand  Grenadr  Fire  Extingutshebs '* 

"Hay ward"  hand  grenade,  ppecific  gravity  of  solution.       1.188 

common  salt ...     22.3      percent. 

otlier  solids  0.4        ** 

"Harden"  hand  grenade,  common  salt 18  5        "       " 

sulammoniac 6.7        "       '* 

Total 25.6        "       " 

"Babcock"  hand  grenade,  common  salt 21.2        "       *' 

chloride  of  calcium 6.5        ** 

27.7        ••       " 

These  materials  are  inert,  and  their  only  advantage  over  plain 
water  is  that  they  do  not  freeze  at  ordinary  winter  temperatures.* 
The  hand  grenades  contain  about  one  quart  of  water,  while  a 
30-cent  fire-pail  holds  ten  quarts  and  costs  less. 

I  have  been  much  interested  in  collecting  a  file  of  all  of  the 
patents  of  the  United  States  patent  office  for  hand  grenades  and 
fire  extinguishing  compounds.  There  are  many  of  these  patents. 
They  are  interesting  reading,  but  I  judge  them  more  curious 
than  useful. 

A  favorite  line  of  some  of  the  patentees  has  been  to  devise  a 
compound  apparently  on  the  theory  of  finding  something  that 
would  burn  quicker  tlian  the  surrounding  fuel  and  thus  by  ex- 
hausting the  oxygen  smother  the  first  fire.  Other  patentees 
propose  mixtures  that  generate  sulphurous  acid  and  ammonia  gas 
because  of  their  non-support  of  combustion,  in  sublime  disregard 
of  their  poisonous  non-breathable  quality. 

Several  subjects  remain  which  we  have  scant  time  to  discuss. 

*  For  places  where  a  non-freezing  inert  liquid  is  desired  for  filling  fire  pails 
probably  there  is  nothing  yet  available  better  or  cheaper  than  a  strong  solution 
of  chloride  of  calcium  in  water.  This  is  obtained  as  a  by-product  in  the  soda 
works  of  the  Solvay  Process  Co.  at  Syracuse  (perhaps  elsewhere  also),  and  has 
recently  been  put  on  the  market  at  a  low  price.  It  is  largely  used  for  the  circu- 
lating liquid  in  refrigerating  plants. 
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The  most  important  is  the  fire  escape.  I  will  take  time  only  to 
call  attention  to  a  source  of  fatality  that  had  not  been  foreseen 
until  the  Iroquois  fire, 

A  Fire-Trap  '^Fire  Escape." 

In  Fig.  14  the  fire  and  smoke  issuing  from  the  door  marked 
^ascended  and  enveloped  the  fire  escape  leading  down  from 


Fia.  14.— -Emergency  EIxits  in  Ueak  of  Iroquois  Theateu. 

A  FiRK  Trap  Instead  ok  a  Fire  Kscape.  Flames  Ihsuino  at  F  Cut 
Ofp  Ehcape  prom  a,  by  Enveloping  (Gridiron  Pi.atkohm  at  B  in 
Flames. 

tht5  up|M*r  gallery,  so  that  many  who  crowded  out  through  the 
doorway  and  stood  on  the  upper  platform  at  A  could  not  de- 
scend, and  several  in  their  terror  jumped  about  40  feet  to  their 
death  on  the  hard  ground  l)elow. 

I  fear  that  in  many  of  the  theaters  similar  conditions  could 
arise  to-day,  and  this  great  danger  of  a  window  or  doorway 
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underneath,  through  which  the  flames  can  issue  and  envelop 
the  fire  escape,  and  thus  cut  oflf  its  use,  should  be  carefully  looked 
out  for. 

PTiilddelphia  Fire  Escape, 

A  type  of  fire  escape  has  been  developed  under  the  Building 
Laws  of  Philadelphia  primarily  for  use  in  factories,  which  is  so 
remarkably  efficient  and  so  far  ahead  in  safety  of  anything  else 
that  exists  that  we  may  wonder  why  it  has  not  been  copied  in 
other  cities.  True,  it  is  somewhat  expensive,  but  the  safety  it 
gives  is  well  worth  the  extra  cost.  The  same  idea  can  be  readily 
applied  to  the  fire  escapes  from  a  theater. 

Two  varieties  of  this  are  shown  in  Figs.  15  and  16;  one  known 
as  the  Balcony  type  and  the  other  as  the  Tower  type. 

The  fundamental  idea  is  that  the  stairway  tower  is  absolutely 
cut  oflf  from  the  various  rooms  and  floors  which  it  serves.  One 
must  go  out  from  the  room  into  the  open  air  and  then  enter  the 
stairway.  Once  within  this  stairway  tower,  he  can  proceed 
without  danger  to  the  bottom. 

It  is  to  be  noted  that  in  the  Tower  type  (Fig.  16)  the  free  open- 
ing in  the  top  of  the  tower  extends  close  to  the  bottom  of  the  floor 
above,  while  the  doorways  for  the  same  story  have  their  tops  at 
a  much  lower  level.  Therefore,  any  smoke  coming  from  an  opened 
door  of  the  workroom  will,  as  it  rises,  find  escape  to  the  front 
opening  at  a  much  higher  level  than  the  door  from  which  it 
issues,  and  will  not  tend  to  enter  the  door  into  the  stairway 
tower,  which  has  its  top  at  so  much  lower  height  than  the  free 
opening  in  front.  The  stairway  is  thus  free  from  danger  of  flame 
or  smoke,  and  presents  safe  outlet  for  workmen  and  safe  means 
of  access  for  firemen. 

Escape  from  the  Gallery. 

The  great  lesson  out  of  all  the  theater  fires  as  to  the  danger  to 
those  in  the  gallery  should  not  be  forgotten  in  designing  the 
stairways  and  fire  escapes.  The  area,  the  total  number  of  stair- 
way exits,  and  the  total  width  of  stairway  per  hundred  persons 
should  he  two  or  three  times  as  great  for  tite  gallery  as  for  the  other 
parts  of  the  house^  and  all  exits  should  run  in  such  a  direct  and 
obvious  course,  with  guide  curves  instead  of  abrupt  angles  at 
changes  of  direction,  that  with  a  person  once  in  them,  he  could 
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Via.  15.~Balcony  Stair  Tower  and  Fire  Escape  por  Factories. 
Philadelphia  Type. 
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FiQ.  16.— Tower  Fire  Escape  pok  Factorieb. 
Philadelphia  Type. 
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not  fail  to  find  his  way  to  the  bottom,  although  in  total  dark- 
ness. The  flights  of  stairs  should  be  each  of  the  fewest  steps 
practicable,  with  frequent  landings  on  which  one  can  steady  him- 
self, and  with  good,  simple,  continuous  handrails  on  each  side 
that  can  be  followed  down  in  darkness  by  sense  of  feeling,  and  a 
strong  centre  rail,  continuous  all  the  way,  where  wide  stairs  are 
necessary. 

Width  alone,  as  prescribed  by  most  building  laws,  is  not  the 
sole  consideration.  The  architect  of  the  Iroquois  testified  that 
the  gallery  exits  of  the  Iroquois  were  of  100  per  cent,  greater  total 
width  than  the  law  required.  Yet  70  per  cent,  of  those  in  the 
Iroquois  gallery  perished,  many  at  the  back  of  the  room  not 
reaching  the  exits,  and  some  in  their  seats. 

A  sad  loss  of  many  lives  occurred  in  the  Iroquois  by  reason  of  a 
blind  passageway  from  the  gallery,  which  led  nowhere  in  particu- 
lar, but  which  led  out  from  the  main  exits  in  such  a  way  that 
those  rushing  outward  naturally  took  it  as  a  line  of  escape.  A 
few  blindly  located  steps  caused  some  to  stumble ;  others  tripped 
over  them,  until  there  was  quickly  a  crowded  and  confused  mass 
of  men,  women  and  children  caught  in  this  cut  de  sa^  at  the  top  of 
the  grand  staircase  hall  and  doomed  to  quick  death  by  suffocation. 

Aisles  and  JExits, 

As  to  the  aisles  and  exits,  a  great  deal  of  cutting  out  and  en- 
larging of  aisles  and  removal  of  seats  was  done  in  theaters,  in 
Chicago  and  all  over  the  country,  immediately  after  the  Iroquois 
fire,  apparently  without  reflection  that  to  deliver  the  crowd  from  the 
seats  at  the  doorway  with  too  great  a  rush  increases  the  danger  of 
crushing  at  the  doors  and  on  the  stairs.  Indeed,  I  am  of  the  opin- 
ion that  the  width  of  the  aisles  near  the  stage  might  reason- 
ably, and  with  advantage,  be  made  much  narrower  than  the  law 
now  permits,  thus  increasing  the  number  of  good  seats  and  the 
earning  capacity  of  the  house  enough  to  pay  good  interest  on  the 
cost  of  making  it  safer  and  providing  more  numerous  aisles,  exits 
and  stairways  at  the  rear. 

The  narrowest  aisle  permitted  in  a  theatre,  even  close  to  the 
stage,  is  commonly  thirty  inches.  In  a  Pullman  car  and  in  the 
ordinary  railway  coach,  twenty-two  inches  and  twenty  inches 
is  found  ample  for  a  crowd  of  people  moving  along  with  all 
necessary  speed  in  single  file. 

It  is  far  better  to  introduce  additional  aisles  at  the  expense  of 
making  all  the  aisles  narrower,  thus  lessening  the  tendency,  in  a 
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mad  rush,  for  people  to  try  to  crowd  past  one  another,  and  giving 
better  chance  for  those  who  are  not  strong  to  steady  themselves 
by  holding  on  with  their  hands  to  the  seats  on  both  sides  the  aisle 
as  they  go  along  toward  the  exit. 

I  was  interested  in  timing  the  exit  under  ordinary  conditions, 
from  various  representative  Chicago  theaters  after  their  re- 
modeling and  was  eflBciently  aided  in  this  by  Mr.  Guy  C. 
Shaffer,  a  junior  architect  in  the  office  of  Pond  and  Pond.  In 
general  we  found  that  from  the  start  of  the  curtain  it  was  only 
three  and  a  half  to  five  minutes  until  the  corridors  were  cleared, 
with  the  audience  taking  all  the  time  needed  for  leisurely  putting 
on  wraps — ordinarily  from  two  to  three  minutes  sufficed  for 
clearing  balcony  and  gallery,  and  in  one  minute  after  the  drop 
of  the  curtain  the  aisles  of  the  main  floor  nearly  back  to  the 
exits  were  commonly  crowded  and  continued  full  until  about  two 
minutes  after  the  start  of  the  curtain.  The  heavy  steel  curtains 
took  from  fifteen  seconds  to  thirty  seconds  to  come  down,  twenty 
seconds  being  the  ordinary  time. 

This  time  of  leisurely  emptying  must  not  be  taken  as  being 
safely  sufficient  for  the  same  audience  to  get  out  if  panic- 
stricken,  for  crowds  may  become  wedged  in  to  some  of  the 
exits  and  the  maxim  of  making  haste  slowly  may  be  again 
forgotten.  At  the  Iroquois,  under  normal  conditions  at  the 
close  of  the  performance,  there  is  no  reason  to  think  that  aU  in 
this  great  crowd  could  not  have  found  their  way  safely  out  in 
two  and  a  half  or  three  minutes,  but  starting  panic-stricken  in 
the  midst  of  a  performance  it  is  different,— the  door-keepers  may 
have  not  opened  the  gates,  or  a  hurrying  crowd  may  take  the 
wrong  path,  as  to  the  death-trap  in  the  Iroquois  hallway  and 
many  other  unthought  of  things  are  possible,  such  that,  in  the 
design,  exits,  smoke  vents,  and  automatic  sprinklers  should  each 
have  full,  independent,  adequate  attention  and  each  be  inde- 
pendently ready  for  the  worst.  At  the  Iroquois  some  were  still 
struggling  out  when  the  fire  chief  arrived  five  minutes  after  the 
public  alarm,  and  when  he  returned  at  probably  nine  minutes  after 
the  alarm  he  reports  that  some  were  still  struggling  down  from 
the  gallery. 

Surroundings  or  Exposures. 

Another  feature  that  is  worthy  of  note  before  closing  is  that 
it  is  not  essential  for  safety  that  a  theater  should  stnnd  in  am,  open 
lot.    Some  of  the  worst   theater  fires  in  hisUrry  have  happened 
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where  the  space  aroxtnd  the  theater  was  open  on  three  sides  or  four 
sides. 

It  is  far  more  important  that  attention  be  given  to  the  detail 
of  fire  walls  and  to  providing  safe  passageways.  It  should,  how- 
ever, always  be  the  effort  that  channels  of  strongly  arched 
masonry,  passageways  roofed  almost  as  strongly  as  for  a 
fortification,  be  provided  running  in  opposite  directions,  so  that 
if  a  fire  from  explosion  or  other  unusual  cause  be  developed  in 
the  street  or  along  the  main  fa§ade  of  the  theater,  all  of  the 
audience  could  easily  find  exit  in  an  opposite  direction  to  the 
alley  or  to  the  adjoining  street. 

WeeMy  Inspections, 

In  safeguarding  our  factories  against  fire,  we  find  systematic 
inspections  and  the  filing  of  a  weekly  report  one  of  the  very  best 
means  toward  safety.  It  would  be  of  equal  value  for  the- 
aters. A  printed  blank  can  readily  be  devised  for  each  particular 
theater,  or  one  for  all  the  theaters  of  a  given  city.  This 
should  cover  the  completeness  and  operative  condition  of  all 
valves,  fii*e  hose,  sprinklers,  fire-pails,  soda-water  extinguishers, 
jx)le-hooks,  fire  dooi*s,  exit  locks  and  latches,  smoke  vents,  fire- 
curtiiin  mechanism,  and  particularly  of  the  neatness,  cleanliness 
and  order  of  every  room,  passageway,  closet,  air  chamber,  loft, 
basement  and  fly  gallery,  used  as  a  part  of  the  theater  building. 
This  inspection  should  be  made  on  each  Monday  afternoon, 
since  the  week  end  is  the  time  when  attractions  are  commonly 
changed  and  the  confusion  of  new  acts  and  strange  properties 
is   most  apparent. 

A  private  fire  brigade  from  the  regular  stage  hands  and  ushers 
should  be  drilled  regularly,  the  Monday  drill  to  be  a  **  wet  drill," 
testing  the  stage  hose  and  a  few  of  the  soda-water  extinguishers, 
which  may  be  turned  out  of  the  window  to  the  area  way,  or  into 
some  convenient  drain  provided  for  the  purpose,  at  the  rear  of 
the  stage. 

The  head  stage  car{)enter  should  always  bo  present  during 
this  |>erf<)rmance  as  chief  of  this  theater  fire-brigade. 

If  the  municipal  ordinance  required  sucli  reports  and  drills  as 
just  described,  and  that  a  duplicate  of  the  report  be  filed  each 
Monday  afternoon  with  the  public  fire  chief  of  the  district,  a 
single  fireman  or  inspector  detailed  as  instructor  to  cover  in  turn 
all  the  theiiters  of  a  large  city  would,  in  my  judgment,  accomplish 
more  real  good  than  the  one  or  two  stage  firemen  at  each  theiiter 
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(The  inside  of  the  double  sheet  is  ruled  and  left  blank  for  descriptive  remarks 
under  the  following  headings.) 

RECOMMENDATIONS. 
Urfut  fir  PntatiM  if  life— 


Unot  fir  PntatiM  if  Bwiiiif  t  CMteits- 


SaifCsUNS  fir  f  irttar  iapnvcMib  to  mIk  ifcis  Umln  as 
afe  IS  fCiSMibte  pndiaMe  withm  nkuUm- 


REMARKS. 


Fig.  17b. 

— perhaps  ten  firemen  in  a  small  city  or  one  hundred  in  a  large 
city —  required  by  law  to  be  present  from  the  public  force,  doing 
nothing  in  particular,  at  the  expense  of  the  theater,  and  who, 
from  my  factory  experience,  will  generally  be  less  efficient  than 
the  trained  and  responsible  stage  carpenter  who  is  at  home. 

In  other  words,  let  the  law  emphasize ^v"^  pi^evention  by  inspec- 
tion of  neatness,  order,  and  precautions  more  clearly. 

The  blank  (Figs.  17,  17a  and  17b  on  pages  160, 161  and  162)  was 
developed  by  Mr.  E.  V.  French  (member  of  this  Society  and  of 
our  Mutual  Engineer  Corps)  and  myself  along  the  lines  of  the 
Mutual  Factory  Inspection  blank.  The  chief  function  of  such 
a  blank  is  to  focus  the  attention  of  the  inspector  on  the 
several  and  manifold  sources  of  danger,  and  its  chief  virtue 
is  in  thus  directing  the  attention  of  the  inspector  to  safe- 
guards needed  and  to  a  test  of  the  condition  of  all  apparatus, 
rather  than  its  more  apparent  purpose  of  presenting  a  record  of 
faults.  The  record  is  condensed  to  briefest  possible  compass  that 
the  statements  may  be  more  conspicuous,  and  we  have  found  in 
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years  of  factory  inspection  that  brevity  in  the  foundation  blank 
increases  the  promptness  of  the  remedy.  Seventeen  Chicago 
theaters  were  inspected  with  this  blank  in  hand,  and  it  seemed 
to  fit  fairly  well,  although  it  is  certain  that  experience  can 
improve  it.  I  present  it  here  as  a  convenient  summing  up 
of  the  many  points  that  must  be  continually  looked  out  for. 
The  condition  is  shown  by  an  underscore  of  the  word  describing 
the  condition  found. 

For  the  purpose  of  illustrating  some  of  the  suggestions  set 
forth  above  regarding  the  arrangement  of  exit  and  stairways,  I 
present  on  a  greatly  reduced  scale  on  the  pages  following  some 
carefully  studied  drawings  that  I  prepared  about  two  years 
ago  as  a  means  of  bringing  some  of  these  matters  more 
clearly  before  certain  experienced  theater  managers,  with  whom 
I  was  discussing  certain  possible  improvements.  In  the  prep- 
aration of  these  plans  I  also  had  it  in  mind  to  enter  a  protest 
against  some  of  the  requirements  which  have  been  urged  by 
eminent  authorities  as  essential  to  the  safety  of  the  audience, 
such,  for  example,  as  that  frequently  urged  in  Europe,  that  a 
large  theater  or  house  of  public  entertainment  ought  to  stand 
in  an  open  lot,  and  as  a  means  of  showing  that  such  arrange- 
ments for  safety  as  proposed  by  the  late  Sir  Henry  Irving  in  his 
designs  for  a  modern  theater  were  unnecessary. 

I  therefore  purposely  assumed  the  difficulties  of  a  site  in  the 
middle  of  a  block,  closely  built  up  against  on  either  side  and 
open  only  front  and  rear  and  to  the  sky  above.  To  make  the 
illustration  more  complete,  I  also  assumed  a  minimum  width  of 
site.  The  purpose  is  to  show  that  the  fundamental  requirements 
for  safety  of  the  audience  and  safety  of  the  fire  underwriter's 
risk  can  all  be  adequately  met  on  almost  any  kind  of  site,  and 
that  it  is  not  difficult  to  provide  far  more  safe  and  generous  exit 
than  is  often  found. 

The  drawings  will  set  forth  the  proposed  means  of  providing 
several  exits  so  clearly  that  little  description  is  necessary.  The 
total  seating  capacity  is  about  1500,  a  large  house.  The  points 
of  chief  interest  are  : 

Ist. — The  ample  exit  in  four  different  directions  from  the  bal- 
cony and  the  gallery.  I  would  call  particular  attention  to  the 
exits  at  the  front  corners,  which  have  a  special  value  in  being 
always  in  sight  and  in  front  of  the  sitter,  will  tend  to  relieve  the 
crush  toward  the  rear.  It  was  through  a  small  inconspicuous 
balcony  exit  thus  located  that  the  family  of  one  of  my  friends 
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MAIN  STREET 

Fig.  21.— Main   Floor    Plan. 
An  Illustration  of  Ample  Safe  Exits  in  Difficult  Surroundings. 
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BROAD  ALLEY 


BALCONY  PLAN 


STREET 

Fig.  22. — An  Illustration  of  Ample  Safe  Exits  in  Difficult  Surroundings. 
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BROAD  ALLEY 
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GALLERY  PLAN  street 

Kio  23— An  Iu^ustkation  op  Amplk  Safe  Exits  in  Difficult  SuRHorNDiNGs. 
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found  their  way  to  safety,  while  the  crowd  struggled  at  the 
rear. 

2d.— The  use  of  a  tower  fire  escape  (in  the  rear  at  the  left) 
modeled  on  the  line  of  the  Philadelphia  factoiy  fire  escape, 
communicating  with  the  open  air  and  with  no  door  from  audi- 
torium or  stage  or  dressing-room  opening  directly  into  the  stair- 
tower  proper;  it  being  required  that  passage  be  made  from  the 
auditorium  out  across  a  platform,  freely  opened  to  the  air,  before 
the  stairway  can  be  entered. 

This  arrangement  making  it  almost  certain  that  the  stairway 
will  always  be  free  from  smoke. 

3d. — Note  that  the  stairway  exits  from  gallery  nearest  the  street 
are  entirely  separate  from  exits  from  other  floors  and  serve  only 
the  gallery.  To  still  further  favor  rapid  exit  from  the  gallery, 
two  additional  exits  from  the  middle  portion  of  the  seating  space 
drop  to  a  corridor  below,  making  six  exits  in  all,  and  so  scattered 
that  choking  about  their  entrances  would  appear  impossible.  As 
a  means  of  separating  the  gallery  exit  from  that  of  the  balcony, 
I  have  in  the  spiral  layout  of  the  stairs  employed  a  novel  device 
analogous  to  a  double-threaded  screw. 

4th. — It  will  also  be  noted  that  in  view  of  the  enclosed  situa- 
tion two  ample  exits  of  large  size  have  been  provided  to  the  alley 
in  the  rear,  for  both  audience  and  stage  people,  each  being  a 
sort  of  fireproof  tunnel. 

6th. — It  will  also  be  noted  that  provision  has  been  made  for 
permitting  daylight  to  enter  the  auditorium  and  stage  space, 
but  that  the  windows  can  be  closed  and  daylight  excluded  while 
an  afternoon  performance  is  in  progress.  These  windows  should 
be  glazed  with  prism  glass  for  better  diffusion  of  light  if  the 
open-air  court  is  narrow. 

By  making  use  of  wire  glass  set  in  metal  frames,  and  rein- 
forced further  by  inside  shutters  folding  back  into  the  window 
jamb,  and  with  automatic  sprinklers  fed  by  a  large  elevated 
tank,  I  have  no  doubt  that  a  building  of  this  type  could  stand 
safe  in  the  path  of  a  raging  conflagration  and  thus  meet  both  the 
best  wishes  of  the  fire  underwriter  and  of  the  humanitarian. 
This  conclusion  is  given  in  the  light  of  what  I  saw  in  my 
repeated  studies  of  the  ruins  after  the  great  Baltimore  fire  and 
in  the  safety  of  the  factory  of  the  Western  Electric  Co.'s  factory 
in  the  midst  of  the  great  San  Francisco  fire. 

Buildings  with  their  contents  can  be  made  fireproof  by  means  of  au- 
tomatic sprinklers  and  adequate  protection  of  the  window  openings. 
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No.  ia97.» 

NATURAL   GAS   UNDER  STEAM  BOILERS. 

BT  JAT  M.  WHITHAM,  PHILADELPHIA,  PA. 

(Member  of  the  Society.) 

1.  The  writer  was  recently  called  upon  to  give  an  opinion 
regarding  the  commercial  operation  of  a  particular  mill,  both  with 
natural  gas  and  with  coal,  at  certain  prices.  No  detailed  data  of 
any  special  or  determinative  value  could  be  found  in  available 
handbooks  and  other  publications.  This  paper  has  been  prepared 
to  put  on  record  the  results  of  the  author's  investigations  so  as  to 
aid  engineers  in  reaching  a  fair  conclusion  on  the  problem  from  a 
commercial  standpoint 

Value  of  Natural  Oas  Products. 

2.  The  August  7,  1906,  Press  Bulletin,  No.  192,  of  the  U.  S. 
Geological  Survey,  shows  that  the  value  of  the  present  natural  gas 
production  of  19  States  and  Territories  of  this  Union,  exclusive 
of  the  natural  gas  produced  in  Canada  and  consumed  in  the  States, 
was  $38,496,760  in  1904. 

3.  In  making  this  figure,  Pennsylvania  stands  first  with  a  prod- 
uct valued  at  $18,139,914;  West  Virginia  is  second,  with  a 
product  valued  at  $8,114,249;  Ohio  is  third  at  $5,315,564; 
Indiana  fourth  at  $4,342,409,  while  various  other  States  and  Ter- 
ritories make  up  the  balance. 

4.  The  natural  gas  production,  per  the  Reports  of  the  Director 
of  the  Geological  Survey,  has  been  valued  at 

$18,792,725  in  1890 
15,500,084  in  1891 
14,800,714  in  1892 
14,343,250  in  1893 

♦  Presented  at  the  New  York  Meeting  (December,  1905)  of  the  American 
Society    of    Mechanical    Engineers,  and  'forming   part  of   Volume  27  of  the 
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13,954,400  in  1894 
13,006,650  in  1895 
13,002,512  in  1896 
13,826,422  in  1897 
15,296,813  in  1898 
20,074,873  in  1899 
23,698,674  in  1900 
27,066,077  in  1901 
30,867,863  in  1902 
35,815,360  in  1903 
38,496,760  in  1904 

This  shows  an  increasing  production  and  value,  as  new  fields 
are  opened.* 

5.  Most  of  this  gas  is  used  for  combustion  purposes,  and  much 
of  it  for  steam  production.  Hence  any  information  as  to  the  use 
of  such  gas  in  steam  generation  may  be  of  interest  and  value. 

Composition  of  Natural  Ga>s, 

6.  The  composition  of  natural  gas  varies  somewhat  with  the 
locality  as  is  shown  in  the  1903  report  of  F.  H.  Oliphant  to  the 
Director  of  the  U.  S.  Geological  Survey  in  a  paper  entitled  "  The 
Production  of  Natural  Gas." 

7.  The  heating  values  of  natural  gas  per  cubic  foot,  in  said 
report,  vary  from  1087  to  1287,  being  referred  to  32  degrees 
Fahr.  and  29.92  inches  Barometer. 

8.  Supplemental  to  the  analysis  of  the  West  Virginia  gas,  as 
given  in  said  report,  are  the  following  made  for  the  writer.  These 
tests  relate  to  gas  from  nine  wells  in  Lewis  Co.,  W.  Va.,  three 
miles  north  of  Weston,  and  used  on  the  Cook  boiler  tests  given 
later  on.f 

Sample  number 1  2  3 

Illuminants 0.45  0.15  0.50 

Carbonic  Oxide 0.00  0.00  0.15 

Hydrogen 0.20  0.30  0.25 

Marsh  Gas 81.05  83.20  83.40 

Ethane 17.60  15.55  15.40 

Carbonic  Acid 0.00  0.20  0.00 

Oxygen 0.15  0.10  0.00 

Nitrogen 0.55  0.50  0.30 

British  heat  miits  in  a  cubic  foot  of  gas  at  60 
degrees  F.  and  14.7  lbs.  barometer  avail- 
able for  useful  effect 1030  1020  1026 

*  Natural  gas  companies  believe  these  values  are  very  much  underestimated, 
t  See  also  Vols.  Ia  and  2  of  W.  Va.  Geol.  Survey. 
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9.  Also  the  following  analysis  of  a  mixture  of  natural  gas 
from  the  fields  in  the  three  States  supplying  Pittsburg,  Pa.,  made 
in  September,  1905,  for  the  writer,  may  be  of  some  interest: 

Illuminants 1.6  per  cent. 

Carbonic  Oxide 1.8 

Hydrogen 0.3 

BlarshGas 81.9 

Ethane 13.2 

Carbonic  Acid 0.0 

Oxygen 0.4 

Nitrogen 0.8 

100.0  per  cent. 

Heat  units  per  cubic  feet  at  60  degrees  Fahr.  and  29.92 
inches  barometer 1098  B.t.u. 


Testing  of  Oas  Meters, 

10.  In  any  test,  for  any  purpose  whatsoever,  of  the  use  of 
natural  or  other  gas  for  a  useful  effect,  it  is  important  that  the 
amount  used  shall  be  truly  determined.  The  gas  meter  can  best 
be  tested  by  the  following  method  employed  by  the  Equitable 
Meter  Company,  of  Pittsburg,  which  method  appeals  to  the  writer 
as  being  complete  and  exact  It  is  described  by  the  Company^s 
Engineer,  Mr.  George  W.  Barnes,  as  follows : 

11.  *'  The  testing  apparatus  we  use,  in  lieu  of  a  better  name, 
we  call  a  flow  meter,  and  it  is  constructed  as  follows :  First  we 
have  an  inner  cylinder,  24  inches  by  24  inches,  perforated  with 
as  many  f  inch  holes  as  it  will  contain.  Outside  of  this  perfor- 
ated cylinder  we  build  another  cylinder  perforated  with  carefully 
calibrated  holes  of  1^  inch  diameter,  and  of  a  sufficient  number 
to  give  us  a  volume  sufficient  to  test  a  meter  using  250,000  cubic 
feet  per  hour.  The  rest  of  the  apparatus  is  simple,  consisting  of 
f]:aiiges  and  a  blower  of  sufficient  size  to  give  us  the  required  vol- 
ume of  air  at  the  required  pressure. 

12.  "  These  holes  in  the  outer  cylinder  or  drum  will  discharge 
at  a  4  inch  water  pressure  and  at  a  temperature  of  60  degrees 
Fahr.  and  a  barometric  pressure  of  30  inches,  one  cubic  foot  per 
second,  or  100  cubic  feet  in  100  seconds. 

13.  "  Onr  connections  are  made  up  as  follows:  We  connect  the 
meter  to  the  outlet  of  the  blower  and  our  flow  meter  to  the  outlet 
(»f  the  meter,  and  operate  our  blower  continuously  and  govern  our 
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pressure  by  a  regulator  placed  between  the  blower  and  the  meter. 
Our  pressure  is  taken  from  the  outlet  of  the  flow  meter,  and  the 
temperature  is  obtained  at  the  same  point  If  the  conditions  are 
all  as  just  stated,  we  maintain  the  pressure  of  4  inches  of  water 
pressure.  If  either  the  temperature  or  the  barometric  pressure 
vary  from  the  above,  we  vary  our  pressure  to  suit  the  conditions, 
thereby  maintaining  a  constant  flow  of  one  cubic  foot  per  second 
for  each  hole,  in  the  shell  of  the  outer  drum.  We  then  take  time 
with  a  stop-watch,  allowing  the  meter  to  run  100  feet,  when  we 
note  the  time  required.  If  more  or  less  than  100  seconds  are 
required,  the  error  is  computed  from  the  100  seconds,  and  an 
adjustment  is  made  in  the  meter,  and  the  corrections  are  made 
accordingly.  The  run  at  one  IJ  inch  hole  or  outlet  will  give  a 
test  on  a  meter  at  a  flow  of  3,600  cubic  feet  per  hour.  After 
making  the  above  test  we  remove  the  stopper  of  another  IJ  inch 
hole  and  make  the  flow  at  the  rate  of  two  cubic  feet  per  second, 
or  7,200  cubic  feet  per  hour,  or  two  revolutions  on  the  100  foot 
dial  of  the  meter  in  100  seconds,  and  correct  as  above  noted.  This 
we  continue  to  do  in  multiples  of  3,600  cubic  feet  per  hour  until 
the  full  rate  of  capacity  of  the  meter  has  been  reached  and  adjus^ 
ments  have  been  made  at  each  period  through  the  run. 

14.  "  This  method  we  think  the  most  nearly  perfect  to  be  had, 
inasmuch  as  it  gives  us  our  tests  upon  the  meter  with  the  actual 
volumes  as  required  in  general  service. 

15.  "  The  formula  used  in  determining  the  pressure  required 
with  different  temperature  and  barometric  pressures  was  arrived 
at  by  making  the  runs  through  the  orifices  from  an  accurately 
calibrated  displacement  prover.  The  experiments  covered  a 
period  of  some  eighteen  months  and  have  been  tried  under  all  of 
the  varying  conditions  obtainable  during  that  period,  while  we 
have  also  checked  back,  by  the  formula,  to  the  barometric  reading, 
temperature  and  pressure,  where  each  was  obtained  accurately 
from  instruments,  and  in  all  cases  we  have  proved  that  our  for- 
mula was  absolutely  correct  for  the  aforesaid  1^  inch  orifices." 

Burners  to  be  Used. 

16.  The  writer  has  investigated  several  of  the  gas  burners  upon 
the  market  and  concludes  that  there  is  but  little  difference  between 
them  from  an  efliciency  standpoint 

17.  The  following  boiler  tests  made  separately  with  10  Gwynn 
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and  10  Kirkwood  burners  supplying  a  250  horse-power  Cook 
water  tube  boiler,  having  a  "  dog-house  "  furnace,  the  burners 
being  placed  in  the  front  and  at  a  level  slightly  above  the  furnace 
doors,  the  furnace  having  an  imperfect  "  check-wall "  in  each 
case,  and  the  burners  being  operated  by  experts  in  each  case,  show 
that  the  question  of  burners  may  be  eliminated. 

Test  number 790  791 

Kind  of  burners Gwynn.  Kirkwood. 

Duration  of  tests  in  hours 8  8 

Barometers,  pounds 14 .25  14 .25 

Boiler  gauge  pressure,  pounds 126.5  122.03 

Draft  under  damper,  inches 0.24  0.1 

Gas  pressure  at  burners,  ounces 3. 84  4. 60 

Gas  temperature  at  burners,  Fahr 45  45 

Chimney  temperatures,  Fahr 557  573 

Feed-water  temperature,  Fahr 33.0  33.6 

Cubic  feet  of  gas  used 95,551  94,388 

Cubic  feet  of  gas  at  60  Fahr.  and  4  ounce  pressure 98,348  97,420 

Water  pumped  and  evaporated,  pounds 70,240  70,030 

Boiler  horse-power  rated 250  250 

Boiler  horse-power  developed 254 . 5  253 . 7 

Actual  cubic  feet  of  gas  per  boiler  horse-power  per  hour  46 . 8  46 . 4 
Cubic  feet  of  gas  at  4  ounce  pressure,  60  Fahr.  and  14.25 

pounds  barometer  per  boiler  horse-power 48.3  48.0 


Blue  V8.  Straw  Yellow  Flames. 

18.  The  writer  has  always  been  led  to  believe  that  a  blue  flame 
meant  the  burning  of  carbonic  oxide  into  carbonic  acid  gas, 
although  some  authors  define  it  as  representing  the  burning  of 
hydrogen  into  water.  Whichever  is  denoted  by  the  blue  flame, 
no  flame  of  any  color  is  formed  at  a  temperature  below  about 
1000  degrees  Fahr. 

19.  The  writer  conducted  tests  on  six  of  the  aforesaid  250 
horse-power  Cook  boilers  with  such  a  blue  flame  in  the  combustion 
chamber,  and,  also,  complementary  tests  upon  them  with  a  straw- 
white  flame,  with  the  following  results: 

Kind  of  flame White.  Blue. 

Tt9t  laith  4  ounce  gas  pressure  at  burners No.  793           No.     798 

No.  of  250  horse-power  Cook  boilers  testixl 6  6 

Steam  gauge  pressure,  pounds 112  88 

Draft  under  boiler  damper,  inches 0.42  0.52 

Pressure  at  the  meter  registering  the  gas  used ,  otmces .  18.9  19.8 

Gas  temperature.  Fahr 40  42 
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Kind  of  flame White.  Blue. 

Chimney  gases,  Fahr 436  503 

Feed-water  temperatures,  Fahr 172  178 

Cubic  feet  of  gas  used  at  meter  pressure 167,420  147,310 

Cubic  feet  of  gas  used  at  4  ounces  pressure  and  60  Fahr.  182,255  162,210 

Water  evaporated,  pounds 141,566  123,344 

Equivalent  water  evaporated  from  and  at  2 1 2  Fahr. ,  lbs.  1 53 ,400  132,3 1 1 

Boiler  horse-power  made  by  six  250  horse-power  boilers.      1482 . 1  1278 . 4 

Boiler  horse-power  made  per  250  horse-power  boiler. . .         247  213 . 1 
Cubic  feet  of  gas  used  under  actual  gas  meter  pressures 

and  temperatures  per  boiler  horse-power  per  hour.          37 . 7  38 . 4 
Cubic  feet  of  gas  at  4  ounce  pressure  and  60  Fahr.  per 

boiler  horse-power  per  hour 41 .0  41 .0 

Openings  of  gas  burner  Uds Throttled.  Wide  Open. 

No.  of  6-inch  Kirkwood  burners  used  by  the  6  boilers  .           60  60 


These  tests  showed  an  advantage  in  capacity  in  favor  of  the 
"  White  "  flame  in  the  furnace  at  4  ounces  gas  pressure  at  the 
burners,  but  no  advance  in  economy. 

20.  Tests  were  then  made  at  6-ounce  pressure : 

Kind  of  flame White.  Blue. 

Test  vnth  6  ounce  gas  pressure  at  the  burners^  test  num- 
ber         794  797 

No.  of  250  horse-power  Cook  boilers  tested 6  6 

Steam  gauge  pressure,  pounds 116  99 

Draft  under  boiler  dampers,  inches 0 .  51  0. 52 

Gas  pressure  at  the  meter,  ounces 16.5  19 . 1 

Gas  temperature,  Fahr 44 . 3  42 

Chimney  temperature,  Fahr 478  511 

Feed-water  temperature,  Fahr 144  151 

Cubic  feet  of  gas  used 222,320  185,218 

Cubic  feet  of  gas  at  4  ounces  and  60  degrees  Fahr 241,516  205,424 

Water  evaporated  in  the  boilers,  etc 165,365  152,600 

Equivalent  water  evaporated  from  and  at  212  Fahr., 

pounds 184,167  168,333 

Boiler  horse-power  made  by  six  250  horse-power  boilers     1779 . 4  1626 . 4 

Boiler  horse-power  made  per  boiler 296 . 6  271 . 1 

Cubic  feet  of  gas  used  under  actual  gas  meter  pressures 

and  temperatures  per  boiler  horse-power  per  hour.         41.6  37 . 9 
Cubic  feet  of  gas  at  4  ounce  pressure  and  60  Fahr.  per 

boiler  horse-power  per  hour 45 . 2  42 . 1 

Opening  of  gas  burner  lids Throttled.  Open  Wide 

No.  of  6-inch  Kirkwood  burners  used 60.  60 


Again,   these  tests  showed  a  capacity  advantage  in  the  use 
of  the  white  flame,  but  in  this  case  at  the  sacrifice  of  economy. 


NATURAL   GAS   UNDER^STEAM   BOILERS.  177 

21.  Tests  were  then  made  with  the  gas  at  a  burner  pressure  of 
8  ounces  with  the  following  results: 

Kind  of  flame White.  Blue. 

Tests  with  8  otmce  burner  pressure,  test  number 795  796 

No.  of  250  horse-power  Cook  boilers  used 6  6 

Steam  gauge  pressure,  lbs 128  128 

Draft  under  boiler  damper,  inches 0.51  0.54 

Gas  pressure  at  the  meters,  ounces 19.8  18.9 

Gas  temperature,  Fahr. 42  43.3 

Chimney  temperature,  Fahr 502  508 

Feed-water  temperature,  Fahr 157  184 

Cubic  feet  of  gas  per  meter 183,600  176,510 

Cubic  feet  of  gas  at  4  ounce  pressure  and  60  Fahr 203,044  194,004 

Water  evaporated,  pounds 143,864  131,570 

Equivalent  water  from  and  at  212  Fahr.,  pounds 158,596  141,319 

Boiler  horse-power  made 1532.2  1365.4 

Boiler  horse-power  per  boiler 255.4  227.6 

Cubic  feet  of  gas  used  under  actual  gas-meter  pressures 

and  temperatures  per  boiler  horse-power  per  hour  .       40 . 0  43 . 1 
Cubic  feet  of  gas  at  4  ounce  pressure  and  60  Fahr.  per 

boiler  horse-power  per  hour 44 . 2  47. 2 

Opening  of  gas  burner  lids Throttled.  Open  Wide 

No.  of  6-inch  Kirkwood  burners  actually  used  by  the  6 

boilers 42  46 


These  8  ounce  burner  pressure  tests  showed  an  advantage  in 
both  economy  and  in  capacity  in  favor  of  the  white  flame. 
22.  Summarizing  these  six  tests  in  two  sets,  we  find: 

Kind  of  flame White  Blue. 

No.  of  250  horse-power  Cook  boilers  used 6  6 

Average  gas  pressure  at  burners,  ounces 6  6 

Cubic  feet  of  gas  used  when  reduced  to  4  ounces  and  60 

degrees  Fahr. 626,815  561,638 

Equivalent  water  evaporated  from  and  at  212  Fahr., 

pounds 496,163  441,963 

Average  boiler  horse-power  made 1597 . 7  1423 .2 

Horse-power  made  per  250  horse-power  boiler 266 . 3  237 . 2 

Cubic  feet  of  gas  reduced  to  4  ounce  pressure  and  60 

Fahr.  used  per  boiler  horse-power  per  hour 43 . 6  43 . 8 

Kind  of  burners Kirkwood.  Kirkwood. 

Burner  lids Throttled.  Open  Wide. 


23.  The  six  tests  when  thus  consolidated  in  two  tests  show 
that  the  economy  is  the  same  with  each  and  that  the  capacity  is 
greatest  with  the  white  flame. 
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24.  Accordingly,  the  remaining  tests  by  the  writer,  and  named 
herein,  were  made  with  the  straw-white  flame. 


Test  of  Six  250  Horse-power  Cook  Boilers. 

25.  The  following  tests  were  made  under  the  most  careful  con- 
ditions upon  the  same  boilers  previously  referred  to  and  equipped 
with  Kirkwood  burners.  They  were  conducted  after  several 
weeks  had  been  consumed  in  "  check-wall  "  duration  tests. 

Test  number 799  812 

Duration,  hours 16  9 

Barometer,  pounds 14 . 3  14 .25 

Boiler  gauge  pressure,  pounds 120. 1  132. 7 

Draft  in  front  of  damper,  inches 0. 18  0.20 

Gas  pressure  at  meter,  ounces 16.6  18.0 

Gas  pressure  at  burners,  ounces 6.9  6.4 

Temperature  of  air 40  69 

Fire  room 57  73 

Natural  gas 49  70 

Feed  water 151 .2  185 

Chimney 521  494 

Gas  metered,  cubic  feet 1,101,350  541,420 

Equivalent  gas  at  60  degrees  Fahr.  and  under  4  ounce 

pressure  with  14.7  pounds  barometer 1,179,666  555,617 

Water  evaporated,  pounds 818,700  435,625 

Equivalent  water  from  and  at  212  degrees  Fahr., 

pounds 906,301  467,948 

Boiler  horse-power  made 1641.8  1507.0 

Cubic  feet  of  gas,  actual,  per  boiler  horse-power  per 

hour 41.92  39.92 

Cubic  feet  of  gas  at  4  ounces  and  60  degrees  Fahr.  per 

boiler  horse-power  per  hour 44.9  40.96 

Boiler  efficiency,  per  cent 72 . 7  


Test  of  a  200  Horse-power  Heine  Safety  Water  Tvbe  Boiler  at 
Herron  Hill  Pumping  Station,  Pittsburg,  Pa. 

Heating  surface. 2,032  sq.  ft. 

ShelL 42  inches  x  21  feet  6i  inches. 

Tubes 116-3i  inches  x  18  feet  0  inchee. 

Number  of  natural  gas  burners  in  use 6 

Test  made Jan.  7,  '05.         Oct.  21,  '04.  Sept.  6,  'OS. 

Kind  of  gas  burners  used Kirkwood.        Kline  type.      Kirkwood. 

Duration  of  test,  hours 10  10  10 
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Test  made  by G.  I.  Bouton.        Bouton.         wh*tha 

Test  number 820 

Steam  gauge  pressure,  pounds 145. 8  144 . 1  149 . 6 

Draft  in  front  of  damper,  inches 0. 14  0. 18  0.34 

Gas  pressure  at  meter,  inside  of  mer- 
cury   1.93  2.35  1.81 

Barometer  inside  of  mercury 28.54  28.63  28.99 

Temperature  of  external  air,  Fahr 25.3  56.1  69 

Temperature  of  fire  room,  Fahr 72.8  74.1  78 

Temperature  of  feed  water,  Fahr 40.9  61.1  74 

Temperatureof  escaping  gases,  Fahr ..  386  450  465 

Temperature  of  natural  gas  at  meter, 

Fahr 58.8  70  79.8 

Cubic  feet  of  natural  gas  used 73,720  92,200  105,400 

Cubic  feet  of  natural  gas  reduced  to 
60  Fahr.  and  29.92  inch  baro- 
meter   104,521 

Cubic  feet  of  natural  gas  at  32  Fahr. 

and  29.92-inch  barometer. 71,199  88,604  98,904 

Calorific  value  of  the  natural  gas  per 
cubic  feet  in   B.t.u.  referred   to: 
29.92-inch  barometer  32  de- 
grees Fahr. 1102  ....  

29.92-inch  barometer  60  de- 
grees Fahr. 1098 

Moisture  in  the  steam,  part  of  1  per 

cent 0.50  0.53  0.33 

Feed  water  pumped  to  boiler,  pounds .        43,800  62,655  74,922 

Feed  water  evaporated,  pounds 43,581  62,323  74,672 

Equivalent  feed  water  evaporated  from 

andat  212  degieesFahr.,  pounds..       53,425  75,130  89P24 

Evi^wration  measured  in  boiler  horse- 
power per  hour. 154.9  217.8  258.0 

Rating  of  boiler,  horse-power 200  200  200 

Cubic  feet  of  natural  gas  used  per  hour 
per  boiler  horse-power  developed 
with  gas  at: 

29.92-inch  barometer  and  32 

degieesFahr. 45.97  40.68  38.33 

29.92-inch  barometer  and  60 
degrees  Fahr 40.51 

Combined  burner  and  furnace  effi- 
ciency, per  cent 65.8  74  92 


26.  The  improvement  shown  in  the  last  test  upon  this  Heine 
boiler  is  largely  due  to  the  use  of  an  under  and  preheated  air 
feed  supplemental  to  the  air  supply  ordinarily  carried  in  through 
the  burners. 
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Te^ts  of  a  302  Horse-power  Hoinzontal  Cahall  Boiler^   at 
Mansfield^  Ohio. 

27.  Mr.  J.  Roland  Brown  contributes  the  following  tests  made 
with  six  Merrill  burners,  the  boiler  having  3,021  square  feet  of 
heating  surface. 

Duration,  hours 7  10 

Date  of  test Mch.  2,  '03.  Mch.  5,  '03. 

Boiler  gauge,  pressure,  pounds 95  85 . 7 

Draft  in  front  of  damper,  inches 0.28  0.17 

Gas  pressure,  ounces 4.8  7  to  30 

Barometer  and  gas  temperatures  are  not  given ....  .... 

Feed-water  temperature,  degrees  Fahr 46.5  53.3 

Chinmey 406  374 

Cubic  feet  of  gas  used 100,700  88,370 

Water  evaporated,  pounds 67,865  74,168 

Equivalent  water  from  and  at  212  degrees  Fahr., 

pounds 82,171  89,076 

Boiler  horse-power  made 340.2  260 

Cubic  feet  of  metered  natural  gas  used  per  hour  per 

boiler  horse-power 42 .  26  34 

28.  The  last  test  was  made  with  gas  at  a  high  pressure,  varying 
from  7  to  30  ounces,  and  the  average  pressure  is  not  stated. 

Burner  Tests. 

29.  Mr.  Daniel  Ashworth,  Member,  has  contributed  the  follow- 
ing results  of  tests  made  by  him  with  various  gas  burners  on  a 
2-flue  horizontal  boiler: 

No. 

1 
2 
3 
4 
5 
6 

Possible  Efficiency  with  Natural  Gas. 

30.  The  foregoing  constitute  all  of  the  natural  gas  tests  that 
the  writer  has  made,  as  well  as  all  available  and  reasonable  tests 
made  by  others,  although  there  are  many  tests  published  by  burner 
people  which  are  wholly  impossible. 


Gaa  Pressure 
at  Burners 
in  Ounces. 

Name  of  Burner. 

Cu.  ft  .of  Natural  Gas  per 

hr.  per  Boiler  H.P. 

Made. 

0.76 

Hoffmann 

58.0 

0.76 

Hoffmann 

59.7 

0.34 

Reno 

67.0 

0.34 

James 

63.0 

2.00 

Miller 

74.0 

1.10 

Bailey 

47.0 
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31.  The  tests  here  given  show  that  it  is  not  possible  to  get  better 
efficiency  with  natural  gas  than  with  coal,  and  prove  rather  that 
the  best  coal  efficiencies  can  not  be  obtained  with  gas.  That  is 
due  to  the  large  volume  of  "  air  for  dilution  "  which  must  be 
supplied  with  gas  burners.  On  the  Cook  boiler  test,  No.  799, 
the  Orsat  showed  as  the  average  of  several  determinations : 

7.8    per  cent  of  CO,. 
8.05  per  cent  of  Oxygen. 
0.00  per  cent,  of  CO. 
84.15  per  cent  of  Nitrogen. 


100.00  per  cent.  Total. 

for  the  composition  of  the  products  of  combustion  at  the  boiler 
daini>er  when  72.7  per  cent,  of  the  heating  value  of  the  gas  was 
absorbed  by  the  boilers  for  evaporation. 

Such  a  poor  analysis  is  an  impossibility  with  any  boiler  when 
burning  coal  properly. 

32.   To  produce  a  boiler  horse-power 

966  X  34.5  =  33,327  B.  t.  u. 
must  be  absorbed  by  the  water  in  the  boiler.     Assume  that,  on 
an  average,  natural  gas  has  1,100  B.  t.  u.  per  cubic  foot.     Then, 
if  the  gas  is  burned  at  100  per  cent,  efficiency, 

33,327  divided  by  1,000  =^  30.3  cubic  feet 
of  gas  must  be  used  per  horse-power  per  hour.     Yet  tests  are 
sometimes  reported  where  from  only  17.4  to  19.8  cubic  feet  were 
used  per  hour  per  boiler  horse-power. 

Assuming  75  per  cent,  to  be  the  best  efficiency  obtainable  with 
natural  gas  under  boilers  fand  this  is  very  difficult),  then 

30.3  divided  bv  0.75  =  40.4  cubic  feet 
of  gas,  at  normal  barometer  and  temperatures,  which  must  be  used 
per  hour  per  boiler  horse-power. 

Finally. 

( 1 )  There  is  but  little  advantage  possessed  by  one  burner  over 
another. 

(2)  As  good  economy  is  made  with  a  blue  as  with  a  white  or 
straw  flame,  and  no  better. 

(3)  Greater  capacity  may  be  made  with  a  straw-white  than 
with  a  blue  flame. 

(4)  An  efficiency  as  high  as  from  72  to  75  per  cent  in  the  use 
of  gas  is  seldom  obtained  under  the  most  expert  conditions. 
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(5)  The  "  air  for  dilution "  is  greater  with  gas  than  with 
coal,  80  that  possible  coal  efficiencies  are  impossible  with  gas. 

(6)  Don't  expect,  in  good  commercial  practice  to  get  a  boiler 
horse-power  on  less  than  from  43  to  45  cubic  feet  of  natural  gas, 
the  same  being  referred  to  60  degrees  Fahr.  and  4  ounces  pressure 
above  a  barometer  of  29.92  inches. 

(7)  Fuel  costs  are  the  same  under  best  conditions  with  natural 
gas  at  10  cents  per  1,000  cubic  feet  and  semi-bituminous  coal  at 
$2.87  per  2,240  pounds. 

This  is  based  on  3.6  pounds  of  wet  coal  being  used  per  boiler 
horse-power  per  hour  or  45  cubic  feet  of  natural  gas. 

(8)  Expressed  otherwise,  a  long  ton  of  semi-bituminous  coal  is 
the  equivalent  of  28,700  cubic  feet  of  natural  gas ;  while  a  short 
ton  of  Ruch  coal  is  the  commercial  equivalent  of  25,625  cubic  feet. 

(9)  As  compared  with  hand  firing  with  coal  in  a  plant  of  1500 
boiler  horse-power  output,  coal  being  $2.00  per  2240  pounds, — 
considering  labor  saving  by  the  use  of  gas — ^natural  gas  should  sell 
for  about  10  cents  per  1000  cubic  feet. 

DISCUSSION. 

M7\  E,  G.  BaiUy, — In  connection  with  the  tests  of  natural 
gas  under  steam  boilers,  I  wish  to  present  two  that  I  made  over 
two  years  ago,  at  Fairmont,  West  Virginia,  for  the  purpose  of 
determining  the  relative  values  of  gas  and  coal. 

The  tests  were  made  on  one  boiler  out  of  eight  similar  hori- 
zontal return  tubular  boilers,  having  1,002  square  feet  of  heating 
surface  each.  These  boilers  were  fitted  with  grates  for  burning 
coal,  except  at  the  sides,  where  they  had  been  removed — making 
place  for  Klein  burners. 

The  boilers  were  tested  as  ordinarily  run,  the  gas  burning  with 
a  blue  flame  and  an  excess  of  air  passing  through  the  burners,  as 
well  as  through  beds  of  ashes  which  had  been  placed  on  the 
grates  to  prevent  the  passage  of  air.     Partial  data  are  here  given. 

Test  number 1  2 

Duration  of  test,  in  hours 8  10 

Steam  pressure  by  gauge,  pounds 90  88 

Barometer,  inches  mercury 28.92  28.95 

Draft  in  smoke  connection 0 .  20  0 .  19 

Gas  pressure  at  meter, ounce 2.21  2.58 

Gas  temperature  at  meter,  dry  bulb 85  82 . 4 

do  wet  bulb 63  62 . 1 

Relative  humidity  of  gas 27 . 5  30.0 
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Temperature  of  boiler  room,  Fahr 98  104 

Temperature  of  flue  gases 442  443 

Temperature  of  water  entering  boiler 176 . 5  164 .5 

Cubic  feet  of  gas  per  meters 23,150  32,645 

Cubic  feet  of  gas  at  32  degrees  Fahr.  and  29.92  inches 

mercury;  meter  correction  applied 20,601  29,091 

Cubic  feet  of  gas  at  60  degrees  Fahr.  and  4  oz.  pressure . .  21,404  30,225 

Density  of  gas 0.635  0.635 

Weight  of  gas  burned,  pounds •.    1,056  1,491 

Weight  of  water  fed  to  boiler,  pounds 14,163  20,681 

Per  cent,  of  moisture  in  steam 0.31  0 .  58 

Equivalent  water  evaporated  from  and  at  212  degrees 

Fahr.  into  dry  steam 15,172  22,348 

Horse-power  developed 55 . 0  64 . 8 

Water  evaporated  from  and  at  212   degrees  Fahr.  per 

cubic  foot  of  gas  at  32  degrees   Fahr.  and  -29.92 

inches  mercur}'. .  736  .  768 

Water  evaporated  from  and  at  212  degrees  Fahr.  per 

pound  of  gas 14 .  37  14 .99 

Cubic  feet  of  gas  at  60  degrees  Fahr.  and  at  4  oz.  pressure 

per  hour  per  horse-power  developed 48 . 8  46 . 6 

Analysis   of   gas   by   weight: 

CaHwn 75.64  75.64 

Hydrogen 24.36  24.36 

B.  t.  u.  per  cubic  foot  of  gas  at  32  degrees  Fahr.  and  29.92 

in.  mercury 1,199  1,199 

B.  t.  u.  per  pound  of  gas 23,410  23,410 

Analysis  of  fJue  gas  by  volume  : 

CO, 3.35  4.00 

() 14.91  14.05 

CO 0.00  0.00 

N 81.74  81.95 

Per  cent,  of  air  excess 232  191 

Pounds  of  air  required  to  bum  1  pound  of  gas 17 .02  17 .02 

Cubic  feet  of  air  required  per  cubic  foot  of  gas 10 .81  10.81 

Heat    Balance: 

Per  cent. 

IxxMs  due  to  latent  heat 9.0  9.0 

Ix>s8  due  to  pniducts  of  combustion 7.9  7.8 

I/0}«  due  to  air  excess * 13.9  11.5 

lAi9*ii  due  t4>  fomiation  of  ('0 0.0  0.0 

Heat  utilizi'<l  in  evaporation 59.2  61 .8 

Radiation  and  undetenninod 10.0  9.9 

The  above  heat  bahmco  shows  the  losses  due  to  latent  heat  and 

air  excess  to  be  excessive  compared  with  coal.  The  former  is 
inherent  in  the  fuel,  while  the  latter  should  be  controlled  better 
than  in  the  tests  here  given. 
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The  reason  why  higher  boiler  capacity  was  not  obtained  was 
on  account  of  the  capacity  of  the  meter  available.  It  was  a  new 
one,  made  by  The  Equitable  Meter  Company  of  Pittsburg,  and 
the  correction  used  was  according  to  their  calibration. 

An  interesting  calculation  can  be  made  from  the  flue  gas.  As 
analyzed,  the  nitrogen  is  higher  than  its  percentage  found  in  the 
atmosphere,  clue  to  the  oxygen  combining  with  the  hydrogen,  and 
the  moisture  formed  being  condensed  and  nr>t  showing  up  in  the 
analysis  with  the  Orsats  apparatus.  A  recalculation  gives  the 
following: 

Test  number 1  2 

Oxygen  forming  CO, 3.24  3.87 

Oxygen  forming  HaO 3.02  3.25 

Oxygen  uncombined 14 .  44  13 .  58 

Nitrogen 79.30  79.30 

100.00         100.00 

Now  calculating  the  weights  of  carbon  and  hydrogen,  using 
this  oxygen,  gives  a  ratio  of  carbon  to  available  hydrogen  in  the 
fuel  burned,  which  in  these  cases  are: 

Test  number 1  2 

Carbon 76.25        78.18 

Hydrogen 23.75        21 .82 

These  agree  very  well  with  those  made  in  the  laboratory  with 
the  combustion  bulb,  which  were  made  for  the  calculation  of  the 
heat  balance  and  neglect  the  small  amount  of  oxygen  and  nitro- 
gen which  may  be  present. 

Professor  E,  A,  IlitchcocJc. — The  results  given  by  Mr.  Whit- 
ham  are  of  considerable  value,  and  will  be  much  appreciated  by 
engineers  in  Ohio  on  account  of  the  large  quantities  of  natural 
gas  now  in  use  in  competition  with  Ohio  bituminous  coals.  How- 
ever, in  this  connection,  I  can  give  some  comparative  results  be- 
tween natural  gas  and  Ohio  coal,  made  upon  the  same  B.  &  AV. 
boiler  in  a  large  lighting  plant,  each  test  being  of  four  days' 
duration  with  considerable  variation  in  load: 

Test  on  Gas. 

Average  temperature  feed  water 1 33  degrees  Fahr . 

"       steam  pressure  by  gauge Ill  pounds. 

Cubic  feet  gas  by  meter  per  pounds  water 1 .  32 

Pounds  water  per  cubic  feet  gas .  758 

Cubic  feet  metered  gas  per  hour  per  boiler  horse-power 40 . 2 

Efficiency  based  on  1,100  B.  t.u.  per  cubic  foot  natural  gas.  75  per  cent. 
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Test   on   Coal. 

Average  temperature  of  feed  water 139  degrees  Fahr. 

"       steam  pressure  by  gauge 112  pounds. 

Pounds  water  per  pound  coal  (actual)  6.5 

Calorific  value  of  coal,  B.  t.  u .11,960 

Efficiency,  per  cent 59 

These  results  would  indicate  that  in  some  cases  with  bituminous 
coal  the  efficiency  will  be  lower  than  with  natural  gas,  and  judg- 
ing from  results  of  several  years'  experience  in  testing  and  inves- 
tigating plants  in  this  section  of  the  country,  I  believe  such  would 
be  the  invariable  rule.  Take  the  steam  plants  throughout  the 
country  using  bituminous  coal,  and  the  boilers  on  an  average  will 
not,  I  believe,  show  more  than  sixty  per  cent,  efficiency,  and  it 
stands  to  reason  that  this  efficiency  should  be  higher  with  natural 
gas. 

I  am  very  much  surprised  that  the  analysis  of  flue  gas  gave 
8.05  per  cent,  of  oxygen.  This,  to  my  mind,  would  indicate  a 
very  faultily  designed  burner  or  excessive  air  leaks  through  the 
boiler  walls.  It  seems  to  me  that  almost  ideal  conditions  should 
be  obtained  in  the  burning  of  gas  with  very  little  "excess 
air/' 

In  regard  to  the  testing  of  gas  meters,  the  method  described 
is  that  used  by  the  Equitable  Meter  Company  at  their  factory, 
and  this  is  done  by  means  of  air.  Now  the  question  is — does  the 
meter  give  accurate  results  after  shipment  and  in  place,  and  does 
it  give  accurate  results  after  some  time  of  continuous  service? 
We  do  not  know  any  more  than  we  know  that  any  other  piece  of 
measuring  or  weighing  apparatus  gives  accurate  results  when  in 
place,  unless  it  is  tested  on  the  spot  and  at  the  time  of  the  trials. 
After  years  of  experience  in  the  measuring  of  natural  gas  flowing 
through  lines,  both  in  the  field  and  in  connection  with  industrial 
establishments,  I  have  implicit  confidence  in  the  Pitot  Meter  for 
indicating  rate  of  flow.  When  properly  applied,  its  accuracy  is 
without  question  at  all  times,  and  on  account  of  its  great  simplic- 
ity, it  can  very  easily  and  cheaply  be  applied  for  standardizing 
any  meter  in  place. 

Mr.  J.  Rowlcmd  Brovm. — In  going  over  the  paper  by  Mr.  Whit- 
hara,  I  notice  that  two  tests  are  reported  under  my  name.  Sev- 
eral additions  should  be  made  to  these  tests,  and  a  third  test 
should  be  added  to  the  set. 

The  cubic  feet  of  gas  per  hour  per  boiler  horse-power,  at  60 
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degrees  Fahrenheit  and  14.7  pounds  absolute  pressure,  has  been 
omitted  in  both  tests.  In  the  7  hour  test,  it  should  be  44.5 
cubic  feet  of  gas,  and  in  the  10  hour  test  37.4  cubic  feet.  Tak- 
ing an  average  of  British  thermal  units  per  cubic  foot  of  gas 
at  60  degrees  Fahrenheit  and  14.7  pounds  absolute  pressure, 
given  in  section  8,  we  arrive  at  a  boiler  and  furnace  eflBciency  of 
73  per  cent,  for  the  7  hour  test  and  87  per  cent,  for  the  10  hour 
test. 

These  tests  were  run  on  a  horizontal  Cahall  boiler  having  ver- 
tical headers.  Another  test  was  run  on  this  same  boiler  with 
Gwynn  burners.  Twelve  burners  were  used,  and  the  following 
results  were  secured: 

Duration,  hours 10 

Date  of  test 5-7-03 

Boiler  gauge,  pressure,  pounds 87 . 2 

Draft  in  front  of  damper,  inches 17 

Gas  pressure,  ounces 16 

Gas  temperature  (degrees) 45 .0 

Feed  water  temperature,  degrees  Fahr 54 . 3 

Chimney • 475 

Cubic  feet  of  gas  used 214,220 

Water  evaporated,  pounds 154,115 

Equivalent  water  from  and  at  212  degrees  Fahr.,  pounds 183,828 

Boiler  horse-power  made 76  per  cent,  above  rating  532 . 8 

Cubic  feet  of  metered  natural  gas  used  per  hour  per  boiler  horse-power. . .  40 .2 
Cubic  feet  gas  per  hour  per  horse-power,  60  degrees  Fahr.  and  14.7  degrees 

pressure 44 . 2 

Efficiency,  boiler  and  furnace 73 . 4 

On  this  last  test,  compressed  air  was  used  for  forcing,  and  the 
boiler  was  operated  at  seventy-six  per  cent,  above  its  rating.  Re- 
sults of  seventy  per  cent,  efficiency  should  be  every  day  practice 
for  a  boiler  operated  by  natural  gas  with  a  properly  designed 
furnace.  Such  efficiencies  are  rarely  reached  with  coal  firing. 
There  is  every  reason  to  believe  that  efliciencies  should  be  higher 
in  a  gas  furnace  than  in  a  coal  furnace. 

No  trouble  is  found  with  deposits  of  soot  in  operating  a  gas 
furnace,  a  more  unifonn  steam  line  is  maintained,  the  fireman 
can  give  more  attention  to  the  furnace  and  is  not  handicapped  by 
fatigue.  There  should  be  no  large  excess  of  air  with  a  gas  fur- 
nace, Awhile  with  hand  firing  and  also  with  most  makes  of  stokers 
the  excess  of  air  is  a  serious  problem. 

Figs.  1  and  2  are  two  charts  showing  a  steam  plant  operated 
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in  one  case  by  gas,  and  the  same  plant  operated  the  next  day  by 
coal.  The  same  fireman  handled  the  boilers  on  both  of  these 
days  and  the  conditions  were  similar. 

The  blue  flame  is  far  more  eflicient  both  in  capacity  and 
economy  than  the  straw  colored  or  white  flames.  The  white 
flame  shows  insufficient  air.  The  blue  flame  is  by  far  the  hotter 
of  the  two  and  does  not  produce  smoke,  while  the  straw  colored 
flame  does  produce  smoke.  Many  persons  mistake  the  reflection 
of  the  incandescent  brick  for  the  white  flame.  The  blue  flame 
may  exist  in  a  furnace,  but  the  reflection  from  the  brickwork, 
which  has  become  incandescent,  makes  the  flame  appear  white. 
These  statements  the  writer  has  verified  within  the  last  two 
days. 

There  is  very  little  diflference  in  the  efficiency  of  the  various 
makes  of  burners  now  on  the  market.  The  greatest  difference 
in  efficiency  between  two  different  boilers  lies  in  the  location  of 
the  checker  work  of  the  brick  in  the  furnace.  The  best  results 
are  secured  with  the  checker  work  about  three  feet  beyond  the 
burner.  Such  a  checker  Avork  acts  as  an  igniter  for  the  gases 
with  a  checker  work  three  feet  behind  this  to  break  up  the 
flame  which  passes  through  the  first  checker  work. 

The  overhead  arch  does  not  make  as  much  difference  in  a  gas 
furnace  as  it  does  in  a  coal  furnace,  the  checker  work  being  the 
important  factor. 

Mr,  S.  T,  Wellman. — Referring  to  the  last  paragraph  of  the 
paper,  I  would  state  that  working  tests  of  several  weeks'  duration 
made  by  the  Wellman,  Seaver,  Morgan  Co.,  showed  that  natural 
gas  at  10.2  cents  per  thousand  equaled  coal  at  $1.55  per  ton,  plus 
the  labor  of  firing  and  handling  of  coal  and  ashes. 

Professor  W,  F,  M,  Goss. — Some  years  ago,  w^hen  the  supply 
of  natural  gas  in  the  Ohio  and  Indiana  fields  had  so  far  declined 
that  gas  companies  could  no  longer  supply  their  customers  at  the 
low  prices  which  had  formerly  prevailed,  the  value  of  natural  gas 
became  a  matter  of  importance.  Early  in  the  year  1900  I  was 
commissioned  by  certain  parties  interested  to  ascertain  the  value 
of  gas  in  comparison  with  that  of  other  fuels  when  used  for  do- 
mestic heating.  This  commission  resulted  in  an  elaborate  series 
of  experiments  designed  to  give  a  measure  of  the  amount  of  heat 
radiated  from  stoves  of  various  types  when  supplied  with  different 
fuels.  A  few  results,  w^hich  may  be  accepted  as  representative, 
are  set  forth  in  Tables  1  and  2. 
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TABLE  1. 
Performance  of  Stoves  Using  Indiana  Natxtral  Gas. 


Description  of  Stoves. 


Small  gas  stove  without  chimney  connection  ("  Omega") 

Small  gas  stove  without  chimney  connection  ("Radia- 
tor")  

Small  gas  stove  with  small  chimney  connection  (**  Radia- 
tor")   

Base  burner  coal  stove  fitted  for  burning  gas,  with  normal 
chimney  connections 

B.  T.  U.  contained  by  one  thousand  feet  of  gas  =  970,000. 


TABLE  2. 
Performance  of  Stoves  Using  Solid  Fuels. 


Kind  of 
Fuel. 

Bate  of 

Barning. 

Pounds 

per  Hoar. 

Perfonnance.— B.T.U. 
Radiated. 

DeKription  of  Stoves. 

For  each  3000 

ponnds  of 
coal  bamed. 

For  each  cord 

of  Hickory 

wood  burned. 

Wood  stove  having  a  sheet  iron 
barrel,  mounted  between  a 
cast  iron  top  and  bottom. . . 

Soft-coal  stove  having  a  cylin- 
drical    sheet     iron     barrel 
mounted  between  a  cast  iron 
fire  pot  and  a  cast  iron  top . . 

Hard  coal  stove,  base  burner. . 

Dry    Hickory 
Wood 

Brazil 
(Indiana) 
Block  Coal 

Anthracite 
nut 

17 

10 
4 

10,472,000 
12,471,600 

7,651,900 

The  Hickory  wood  used  weighed  4,740  pounds  per  cord 

These  results  were  obtained  by  means  of  an  air  calorimeter  con- 
sisting of  an  air  tight,  insulated  chamber  or  room  six  feet  square, 
in  which  the  stove  to  be  tested  could  be  set  up  and  fired.  The 
calorimeter  had  a  pyramidal  top,  ending  in  a  cylindrical  opening 
of  known  area  for  the  discharge  of  heated  air,  and  an  open  space 
all  around  the  bottom  permitted  cool  air  to  flow  in,  and  provided 
means  of  access  for  the  attendant.  All  heat  radiated  from  a 
stove  under  test  was  taken  up  by  the  air  within  the  calorimeter, 
which  rising  from  the  source  of  heat,  passed  out  at  the  top,  where 
its  volume  and  increase  of  temperature  were  determined.  From 
these  data,  the  amount  of  heat  delivered  from  the  calorimeter  was 
calculated,  which  amount,   without  correction,  was  assumed  to 
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be  the  heat  radiated  from  the  stove  within.  The  effect  of  this 
assumption  is  to  make  the  stoves  appear  less  efficient  than  they 
really  were,  since  in  all  cases  some  heat  was  undoubtedly  trans- 
mitted through  the  walls  of  the  calorimeter.  The  amount  thus 
unaccounted  for  is  known  to  have  been  small,  it  is  thought  to 
have  been  fairly  constant,  and  hence,  the  effect  of  its  neglect 
was  substantially  the  same  for  all  tests.  As  comparative  results 
only  were  required,  absolute  accuracy  was  not  needed.  To 
expedite  the  work,  three  such  calorimeters  were  simultaneously 
employed  throughout  a  period  of  several  weeks. 

Gas  stoves  without  pipes  to  chimney  must  of  course  be  highly 
efficient  as  heaters;  when  applied  with  chimney  connection,  their 
efficiency  is  at  once  affected  by  the  chimney  loss.  A  comparison 
of  the  value  of  Table  1,  with  the  number  of  thermal  units  in  a 
thousand  feet  of  Indiana  natural  gas,  which  may  be  taken  at 
970,000,  will  show  that  the  gas  stove  making  the  poorest  showing 
is  nevertheless  a  very  efficient  device. 

The  tests  of  stoves  using  solid  fuels  soon  disclosed  the  fact  that 
such  stoves,  unlike  those  employed  for  gas,  gave  results  which 
varied  considerably  with  variation  in  the  rate  of  firing.  In  gen- 
eral the  chimney  losses  were  least  and  the  efficiency  of  stoves 
greatest  when  the  lightest  fires  were  maintained.  As  none  of 
the  stoves  were  large,  the  rates  of  burning  given  in  Table  2  may 
be  accepted  as  those  of  average  conditions. 

As  to  conclusions  concerning  relative  values  of  the  several  fuels 
for  the  purpose  of  domestic  heating,  much  depends  upon  the  man- 
ner  in  which  the  gas  is  burned.  Accepting  the  performance  of 
the  Omega  stove  (Table  1)  as  a  measure  of  that  which  may  be 
expected  from  gas,  and  the  values  of  Table  2  as  a  measure  of 
that  which  may  be  expected  from  the  several  fuels  therein  de- 
scribed,  values  may  be  stated  as  follows: 

In  comparison  with  anthracite  coal,  gas  is  worth  6.8  cents  per 
thousand  for  each  dollar  per  ton  charged  for  coal. 

In  comparison  with  bituminous  coal,  gas  is  worth  8.1  cents  per 
thousand  for  each  dollar  per  ton  charged  for  coal. 

In  comparison  with  first  class  hickory  wood,  gas  is  worth  11.1 
cents  a  thousand  for  each  dollar  per  cord  charged  for  wood. 

For  example,  taking  values  common  in  central  Indiana,  in 
comparison  with  anthracite  coal  at  $7.00  a  ton,  gas  is  worth 
47.6  cents  per  thousand;  in  comparison  with  bituminous  coal  at 
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$3.50,  gas  is  worth  28.4  cents;  and  in  comparison  with  hickory 
wood  at  $6.00  per  cord,  gas  is  worth  Qij.Q  cents. 

A  comparison  of  these  values  with  those  given  by  Mr.  Whit- 
ham  discloses  the  fact  that  gas  is  far  more  valuable  for  domestic 
heating  than  for  use  under  boilers.  The  explanation  for  this  is 
to  be  found  in  the  high  efficiency  of  the  small  gas  stove  and  in  the 
expensive  character  of  the  solid  fuels  for  which  it  is  used  as  a 
substitute. 

Prof,  Wm.  Kent, — I  wish  first  to  speak  of  the  statement  con- 
cerning the  analysis  given  in  paragraph  31.  The  author  says  such 
a  p<x>r  analysis  is  scarcely  possible  with  any  boiler  when  burning 
coal  properly.  If  he  means  that  it  is  a  poor  analysis  when  burning 
coal,  I  would  say  that  it  is  impossible;  an  analysis  so  high  in 
nitrogen  cannot  be  obtained  no  matter  how  much  air  is  used. 
The  percentage  of  nitrogen  in  this  analysis  is  due  to  the  fact  that 
it  is  natural  gas  that  is  burning  and  not  coal. 

If  he  means  that  it  is  a  poor  analysis  because  there  is  8.05  per 
(»ent.  oxygen  in  the  gas,  I  would  say  that  it  is  not  a  poor  analysis 
at  all  for  burning  coal. 

If  he  means  that  7  8-10  per  cent,  of  CO.j  in  the  gas  is  impos- 
sible, an  impossibility  in  any  boiler,  I  would  say  that  that  is  not 
so,  because  you  can  get  any  amount  from  two  per  cent,  up  to  16 
per  cent.  Therefore,  I  would  ask  an  explanation  from  the  author 
as  to  what  he  means  by  ''  poor  analysis." 

Regarding  the  white  flame  and  the  blue  flame,  as  to  which  some 
difference  of  opinion  seems  to  exists,  I  would  say  that  a  blue  flame 
represents  j>erfect  combiisticm  and  a  white  flame  represents  im- 
jKTfcvt  or  delayed  combustion  at  the  point  where  it  is  visible;  but 
IK»rfect  combustion  may  exist  just  l)eyond  the  white  flame.  So 
Mr.  Whitham  is  right  in  saying  that  wo  can  got  as  good  economy 
out  of  a  white  as  out  of  a  blue  flamo,  provided  enough  air  is  sup- 
plied to  burn  the  visible  white  carbon  into  invisible  carbon  di- 
oxide, but  if  the  air  supply  is  deficient  and  the  temperature  low, 
the  white  flame  may  give  off  soot,  and  the  economy  may  be  low. 

I  think  he  is  also  right  in  saying  that  it  is  possible  to  get  greater 
caimeity  with  a  white  than  with  a  blue  flame  in  some  cases,  because 
a  blue  flame  usually  means  restricted  supply  of  gas  and  low  ca- 
pacity. 

The  pai>er  is  an  admirable  one,  and  the  conclusions  are  gen- 
erally correct  and  important. 

Mr.  John  C.  Parker, — ^fr.  Whitham  states  that  there  is  little 
difference  in  burners.     It  seems  to  me  that  this  is  a  broad  state- 
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ment,  and  it  would  indicate  to  me  that  there  was  little  difference 
in  the  particular  burners  that  were  used.  The  explanation  of  the 
poor  economy  miglit  be  due  to  a  lack  of  division ;  for  instance,  the 
economy  might  be  improved  by  reducing  the  size  and  increasing 
the  number  of  burners  for  the  same  capacity. 

With  respect  to  the  question  of  the  color  of  the  flame  T  am  rather 
surprised  to  see  that  he  did  not  get  better  results  with  the  white 
flame.  My  experience  shows  that  better  results  are  secured  from  a 
white  flame  than  from  a  blue  flame. 
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No.  I  COS.* 

0\  THE  MEASriREMEXT  OF  AIR  FLOWING  INTO  THE 
ATMOSPHERE  THROUGH  CIRCULAR  ORIFICES  IN 
THIN  PLATES  AND  UNDER  SMALL  DIFFERENCES 
OF  PRESSURE. 

Bt  R.  J.  DURLET,  Montreal,  Canada. 
(Member  of  the  Society.) 

Jnirodnction. 

1.  While  engaged  in  experimental  work  requiring  the  measure- 
ment of  quantities  of  air  flowing  at  comparatively  low  pressures, 
the  writer  was  led  to  an  examination  of  the  available  formulae 
for  the  discharge  of  air  under  such  conditions.  These  formulae 
appeared  to  be  insuflicient  for  the  purpose  in  view,  and,  after  some 
preliminary  trials,  the  experiments  described  below  were  made 
under  the  writer's  supervision,  in  the  Laboratories  of  the  Depart- 
ment of  Mechanical  Engineering,  McGill  University,  by  Messrs. 
F.  E.  Stems  and  G.  M.  Smith,  Demonstrators  in  Mechanical 
Engineering. 

2.  In  these  experiments  it  was  desired,  first,  to  ascertain  the 
laws  governing  the  flow  of  air  through  circular  orifices  in  thin 
plates  at  low  heads ;  and,  secondly,  to  measure  the  air  discharged 
in  such  a  manner  that  the  experimental  conditions  could  be  easily 
duplicated  at  any  time  so  that  a  similar  gauging  apparatus  might 
be  used  in  the  laboratory. 

3.  Circular  orifices  bored  in  thin  plates  were  selected  because 
of  simplicity  of  formation,  and  it  was  found  that  with  proper 
apparatus,  such  orifices  afforded  a  convenient  means  of  gauging 
the  amount  of  air  discharged  by  fans,  blowers,  air  engines,  air 
c-onipressors,  and  the  like. 


•  Preaonted  at  the  Xew  York  meeting  (December,   1905)  of  the   American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  27  of  the  TVaiw- 


arti4m$. 
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Existing  Formulae. 

4.  The  information  generally  available  on  the  flow  of  air  through 
orifices  at  low  pressures  may  be  summarized  as  follows : — 

(a)  Weisbach's  experiments* — These  were  made  on  air  issuing 
into  the  atmosphere,  and  those  made  at  low  pressures  gave 
the  values  of  the  coefficient  of  discharge  for  orifices  1  and  2.14 
centimeter    (0.39    and   0.84   inches)    diameter   when    the    ratio 

— : ^-^- had  the  values  1.05  and  1.09.    This  would  cor- 

external  pressure 

respond,  with  the  barometer  at  30  inches,  to  heads  of  1.5  inches 

and  2.7  inches  of  mercury,  or  22  inches  and  37  inches  of  water 

nearly,  and  the  coefficient  of  discharge  (c)  had  values  ranging  from 

0.555  to  0.589  in  the  formula 

where  li  is  the  head  in  feet  of  air. 

(b)  Fliegner's  equationsf — The  empirical  equation  found  by 
Fliegner  as  expressing  results  of  experiments  on  the  flow  into  the 
atmosphere  from  a  reservoir  in  which  the  pressure  is  less  than  two 
atmospheres  was: — 


W  =  1.060  fa/  f^^,j-l^\ 

where  W  =  weight  passing  in  pounds  per  second. 
F  =  area  of  orifice  in  square  inches, 
pi  and  pa  are  absolute  pressures  in  pounds  per  square  inch. 
Ti  =  absolute  temperature  in  degrees  Fahr. 

Calculation  of  Ideal  Flow  of  Air  Through  an  Orifice  Under  a 
Small  Difference  of  Pressure, 

5.  The  conditions  under  which  the  writer's  experiments  were  y> 
carried  out  rendered  it  advisable  to  limit  the  head  to  5  inches  of' 
water.     It  is  therefore  only  necessary  here  to  consider  the  for- 
mulae applying  to  the  flow  of  air  under  low  pressures — 

0.  Air  at  32  degrees  Fahr.  and  at  a  pressure  of  14.7  pounds 
per  square  inch  weighs  0.0807  pounds  per  cubic  foot  At  60 
degrees   Fahr.   the   weight   is   therefore   0.0764  pounds  nearly. 

*See   Weisbach,  "Der  CMvilinpenii»ur,"  vol.  5,1859,  p.  546;   also,  "Theor. 
Mech.,"  464-6 (5ih  American  Kdition),  and  "  Peabody's  Thermodynamics/' p.  187. 
t  See  "Der  CiviUngenieur,"  vol.  20,  p.  14. 
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Under  a  pressure  of  five  inches  of  water  or  0.1505  pounds  per 
square  inch  above  atmospheric  pressure,  air  at  60  degrees  Fahr. 

would  have  a  weight  of  0.0764  X      '    n     =  0.0772  pounds  per 

cubic  foot,  an  increase  in  density  of  0.0008  pounds,  or  say,  1  per 
cent  We  shall  see  that  this  increase  in  density  is  so  small  that 
the  air  may  be  considered,  without  serious  error,  as  remaining 
of  uniform  density  during  the  experiments  here  described. 

7.  The  consideration  of  the  adiabatic  flow  of  a  perfect  gas 
through  a  frictionless  orifice  leads  to  the  equation* 


"■=V^7^-t;[(;;;)-©-]-  ■(■) 

In  this  expression 

IV^  ^=r^  weight  of  gas  discharged  per  second  in  pounds. 
.1  ^  area  of  cross  section  of  jet  in  square  feet. 
Pi  =  pressure  inside  orifice  in  poimds  per  square  foot. 
Pn  =  pressure  outside  orifice. 

Vi  =  specific  volume  of  gas  inside  orifice  in  cubic  feet  per 
pound. 
_  yr  .  j^  _  specific  heat  at  constant  pressure  , 

^   ~   '  p/    p  —  s|)ecific  heat  at  constant  volume  '      ^ 

For  air,  where  ;^  =  1.404,  we  have  from  equation  (1)  for  a  cir- 
cular orifice  of  diameter  d  inches,  the  initial  temperature  of  the 
air  being  GO  degrees  Fahr.  (or  521  degrees  abs.),  '!• 

■     ■-'/ 

n'=  0.08.6  ,y .;;[(;,;)   -(^^;)   j,       ■ 

or  ir=  0.000491  rf^7^j/(^^;)     ~  V7v     •    •    •  (2) 

while,  if  we  measure  7\  in  lbs.  })cr  square  inch, 

W  =  0.07058  (P  1\JU  (^ J/j      -  \^jf)      .     .     .  {%i) 

8.  In  practice  the  flow  is  not  frictionless,  nor  is  it  perfectly 
adiabatic,  and  the  amount  of  heat  entering  or  leaving  the  gas 
is  not  known.  Hence  the  weight  actually  discharged  is  to  l)e 
found  from  such  a  formula  as  (2)   by  introducing  a  coefiicient 

•See  note  at  end  of  paper,  also  *'  Poal>udy*B  Thermodynaniic-«,"  p.  182. 
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of  discharge  (generally  less  than  unity)  depending  on  the  condi- 
tions of  the  experiment  and  on  the  construction  of  the  particular 
form  of  orifice  employed. 

9.  The  above  formula  is  not  very  convenient  for  calculation,  and 

P 

for  practical  purposes  it  is  better  (if  the  ratio  -73-  is  nearly  unity) 

to  employ  a  somewhat  similar  expression,  obtained  by  assuming 
that  the  air  or  gas  flows  as  would  a  liquid  of  the  same  mean  den- 
sity. In  other  words,  we  neglect  the  changes  of  density  and  tem- 
perature occurring  as  the  air  passes  through  the  orifice,  and  are 
thus  able  to  obtain  a  simpler  though  approximate  formula — as 
follows : — 

Let  i  =  difference  of  pressure  (between  Pi  and  P2)  measured 
in  inches  of  water. 

T  =  absolute   temperature   of   air  (supposed   to   remain   un 
changed) . 

u  =  velocity  of  air  in  feet  per  second  (supposed  uniform  over 
whole  cross  section  of  orifice). 

V  =  specific  volume  of  air  (supposed  constant  during  passage 
through  orifice). 

P  =  mean  pressure  of  air  in  pounds  per  square  foot 

10.  Then  the  head  (measured  in  feet  of  air)  under  which  the 
flow  takes  place  h  h  =  V  (Pi  —  P2). 

But  a  pressure  of  one  inch  of  water  =  5.2  pounds  per  square 
foot,  so  that 

A  =  5.2  i  V. 

Now  u  =  y/^gh  and  the  weight  discharged  per  square  foot  of 
orifice  ]>er  second  will  be 


u  __  A/2y  X  5.2  i  V   _      /64.4  x  5.2  i 


V 
53.18  T 


-f- 


Bat    V  =  — '-p —  for  air,  so  that  the  ideal  discharge  per  square 
foot  of  oriflce  per  second  will  be 

,  /64.4  X  5.2  iP      „  ,  ^  .  /IP  ,  » 

y       53.18  7-       =  2.509|/^  pounds.* 

•  Thus  when  P  =  2,117  lbs.  per  square  foot  and  T  \b  521  **  {W  F.)  the  ideal 
discharge  per  second  per  square  foot  of  orifice  will  be  as  follows  : 
i       1  2         8  4  5     inches  of  water. 

W  6.060    7.155    8.7M    10.18    11.818  lbs.  per  seeond. 


AIR  FLOWING  INTO  ATMOSPHERE  THRO'  CIRCULAR  ORIFICES.      197 

For  an  orifice  of  diameter  d  inches  the  ideal  discharge  will  be 

=  0M369dW-^ (8) 

In  the  iisnal  case,  in  which  the  discharge  takes  place  into  the  atmos- 
phere, P  is  approximately  2,117  pounds  per  square  foot  and 


IF  =  0.6299  rf^j/^ (4) 


This  equation  is,  of  course,  of  the  same  form  as  Fliegner's  well 
known  formula. 

11.  It  will  be  found  that  up  to  a  pressure  of  about  20  inches 
of  water  (or  0.722  pounds  per  square  inch)  above  the  atmospheric 
pressure,  the  results  of  formulae  (2)  and  (4)  agree  very  closely. 
At  higher  differences  of  pressure  divergence  becomes  noticeable. 
For  example,  if  Pi  —  P2  =  60  inches  of  water  or  2.166  pounds 
per  square  inch,  we  have  from  (4)  (if  P2  =  %JJ^7  pounds  per 
square  foot  and  T  =  60  degrees  Fahr.) — for  a  3  inch  orifice. 

W  =  0,6299  d" 4/ ^  =  0.6299  x  9  x  |/^  =  1.892  lbs.  per 
second.     In  the  case  of  adiabatic  expansion,  from  (2)  we  get 


W  =  0.0004901  rf'^i|/(y/)'''''  -  (y/)' 


YU 


=  0.00049011  X  0  X  2,422V.»73r)»-^^  -  .8735»"« 
=  0.00049011  X  9  X  2,422  x  0.1766 
=  1.885  lbs.  per  second. 

The  discharge  as  calculated  by  Fliegner's  formula  would  be 


l.mPA/^^-^^-^'^  =-  1.06  X  7.07  X 


14.7  X  2.166 

=  1.06  X  7.07  X  0.2471 
=  1.852  lbs.  per  second. 


Kven  at  the  low  pressures  here  considered  Fliegner\s  rule  gives 
results  agreeing  much  more  nearly  with  those  of  equations  (2)  and 
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(4)  than  with  the  discharge  actually  measured, 
inch  orifice  we  have : — 


Thus  for  a  3 


Head«l 


Ideal  Discbakge 
(pounds  per  second) 

By  equation  (4) 0.248 

By  equation  (2) 0.248 

Discharge  by  Fliegner'a  rule 0.232 

Actual  weight  of  air  per  second 

as  found  from  experiments  and 

curves 0. 149 


2 
0.351 
0.350 
0.838 


.3 
0.430 
0.429 
0.415 


4 
0.496 
0.495 
0.4^5 


5  ins.  of 
water. 

0.555 

0.553 

0.535 


0.210    0.257    0.296    0.831 


12.  It  is  thus  evident  that  the  above  formulae  for  the  ideal 
amount  of  air  discharged  require  the  use  of  a  coefficient  of  dis- 
charge in  order  that  the  actual  discharge  may  be  computed  by 
their  aid,  and  to  determine  suoh  a  coefficient  of  discharge  for  a 
given  orifice,  it  is  necessary  to  measure  the  actual  discharge  and 
compare  it  with  the  amount  calculated  by  such  a  formula  as  (2) 
or  (4).  These  two  formulae  give  results  which  differ  so  little 
within  the  limits  of  pressure  here  dealt  with,  that  the  latter  has 
been  chosen  for  use  in  this  paper.     Fig.  1  shows  the  ideal  dis- 


100  Inches  of  Water 


a-OO      120       340       SJO 


Fio.  1. — Comparison  of  Amounts  op  Air  Discharged  accokoinq  to 
Formulae  2  and  4. 

charge  calculated  by  the  two  formulae  for  a  3  inch  orifice  for 
various  heads;  their  close  agreement,  within  limits  even  greater 
than  those  of  the  experiments,  is  evident. 
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13.  The  numbers  given  in  table  IV  are  the  values  of  0  in  the 
expression, 

Actual   discharge   in   pounds   per   second  =  0.6299  CJ?i/  —  • 

It  is,  of  course,  understood  that  they  hold  good  only  for  orifices 
of  the  particular  form  experimented  with,  and  bored  in  plates 
of  the  same  thickness. 

Sco'pe  of  Experiments. 

14.  The  largest  air  compressor  available  was  a  two  stage  belt 
driven  machine  capable  of  compressing  about  350  cubic  feet  of 
free  air  per  minute  to  a  pressure  of  100  pounds  per  square  inch. — 
The  air  delivered  by  this  compressor  was  stored  in  cast  iron  reser- 
voirs whose  combined  volume  was  about  90  cubic  feet  With  this 
apparatus  it  was  not  found  possible  to  discharge  more  than  A 
of  a  pound  of  air  per  second  without  getting  too  rapid  a  fall 
of  pressure  in  the  reservoirs,  and  it  was  accordingly  determined 
to  limit  the  experiments  to  orifices  less  than  5  inches  diameter 
and  to  work  only  with  differences  of  pressure  up  to  5  inches  of 
water.  The  data  obtained,  however,  made  it  possible  to  continue 
the  curves  with  reasonable  accuracy  so  as  to  give  coefficients  of 
discharge  for  orifices  up  to,  say,  six  inches  diameter  and  for 
differences  of  pressure  up  to  six  inches  of  water. 

Description  of  Apparatus  and  Methods  of  Experiment. 

15.  The  general  arrangement  of  the  apparatus  is  shown  in  Fig. 
2.  The  reservoirs  R  discharged  into  the  gauging  box  B  through 
a  quick  closing  gate  valve  Fi  and  a  regulating  valve  F2.  After 
leaving  these  valves  the  air  passed  at  low  pressure  through  a 
heater  //,  consisting  of  a  number  of  thin  sheet  iron  boxes  im- 
mersed in  a  tank  of  water  whose  temperature  could  be  varied 
as  desired. 

16.  The  gauging  box,  showTi  in  detail  in  Fig.  3,  was  of  1  inch 
pine  made  air  tight  by  pitch  on  the  inside.  It  was  6  feet  long 
and  10  inohos  by  10  inches  inside^  dimensions.  For  the  experi- 
ments on  the  larger  orifices  a  second  gauging  box,  of  similar  de- 
sign, but  16  inclies  by  16  inclios  insi<lo,  was  uso<l.  Near  tlio  end  at 
which  the  air  entered,  suitable  baffle  plates  were  placed  as  shown. 
The  connection  for  the  U  tube  for  measuring  the  head  was  placed 
near  the  middle  of  the  box. 
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17.  The  air  reservoirs  (R,  Fig.  2)  were  built  up  of  cylindrical 
flanged  castings  connected  by  bolts.  The  joints  were  made  with 
asbestos  millboard,  soaked  in  boiled  oil,  and  as  it  was  necessary 
to  use  fairly  high  pressures  in  the  reservoirs  in  order  to  get 
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cxporinients  of  sufficient  length  on  large  orifices,  some  difficulty 
was  expcriencod  in  keeping  the  joints  tight.  The  huikago  was  care- 
fully measured  and  it  was  found  that  at  the  highest  pressure  it 
did  not  exceed  0.0005  pounds  per  second,  while  at  low  pressure 
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its  amount  was  negligible.  The  results  of  the  leakage  tests  were 
correct  to  within  at  least  10  per  cent.,  and  therefore  the  greatest 
possible  error  made  in  allowing  for  leakage  would  be  0.00005 
pounds  per  second,  not  more  than  3  per  cent  of  the  whole  dis- 
charge on  the  i\  inch  orifice,  and  decreasing  to  liir  of  1  per 
cent,  on  the  4  inch  orifice. 

18.  The  orifices  were  carefully  bored  in  iron  plates  No.  15 
Brown  &  Sharpe  Wire  Gauge  (0.057  inch  thick),  and  were  true 
to  size  within  tdVit  inch.  In  calculating  the  ideal  discharge, 
the  size  measured  correctly  to  within  roVir  inch  by  a  vernier 
caliper,  was  used  in  each  case.  The  effect  on  the  result  due  to 
inaccuracy  in  measurement  of  orifice  diameter  would  therefore 
not  exceed  t^  of  1  per  cent.,  on  the  A  inch  orifice,  while  on 
the  1  inch  orifice  it  would  be  less  than  i  of  1  per  cent,  and  on 
larger  orifices  would  be  smaller  still. 

19.  The  orifice  plates  were  secured  to  the  end  of  the  box  in 
such  a  way  as  to  be  easily  removed  and  interchanged.  The  joint 
between  plate  and  box  was  made  tight  with  rubber  cord. 

20.  The  temperature  of  the  air  in  the  box  was  measured  by  a 
thermometer  placed  near  the  middle  of  its  length.  This  read- 
ing was  checked  at  intervals  by  means  of  a  thermometer  sus- 
pended lengthwise  in  the  jet,  and  was  never  found  to  vary  more 
than  one-tenth  of  1  per  cent,  from  the  actual  absolute  temperature 
in  the  orifice,  except  in  the  high  temperature  trials.  In  these 
trials  three  thermometers  placed  at  different  distances  from  the 
orifice  were  used  and  from  their  readings  the  actual  temperature 
in  the  orifice  was  deduced. 

21.  Standard  mercury  thermometers  were  used  to  measure  the 
temperature  of  the  air  in  the  reservoir.  They  were  inserted 
through  rubber  packed  stuffing  boxes  so  that  the  bulb  came  into 
actual  contact  with  the  air  and  was  therefore  exposed  to  the 
pressure  in  the  reservoir.  This  pressure  increased  the  reading 
about  1  degree  for  every  100  poimds,  which  was  allowed  for 
correctly  to  within  0.05  degree.  The  thermometers  were  grad- 
uated in  degrees  and  tenths  Fahr.,  and  were  such  that  temperatures 
read  from  them  were  correct  to  within  0.1  degree.  The  error  on 
500  degrees  (the  approximate  absolute  temperature)  would  there- 
fore be  less  than  0.03  of  1  per  cent. 

22.  For  measuring  the  pressure  in  the  gauging  box,  the  TT 
tube  T  (Fig.  2)  was  placed  in  a  convenient  position  for  the  eye 
of  the  person  operating  the  regulating  valves  and  was  connected 
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to  the  box  by  rubber  tubing.  A  scale  of  half  inches  divided  on 
blackened  glass  was  placed  behind  one  leg  of  the  U  tube  so  as 
to  read  inches  of  head,  and  was  illuminated  by  an  incandescent 
light  suspended  behind  it.  To  avoid  parallax  the  scale  was  read 
through  a  small  telescope  fastened  with-  a  clip  so  as  to  slide  up  and 
down  the  leg  of  the  U  tube.  The  scale  was  graduated  correctly 
to  within  nfinr  inch;  the  resulting  possible  error  would  there- 
fore not  exceed  i^  of  1  per  cent  on  the  1  inch  head  and  would  be 
about  iV  of  1  per  cent,  on  the  4  inch  head.  As  the  meniscus 
was  magnified  considerably  by  the  telescope,  the  error  in  reading 
its  position  would  probably  not  be  more  than  Ti?77Tr  inch,  leading 
to  an  error  of  the  same  amount  as  that  just  mentioned,  in  the  final 
result 

23.  The  pressure  in  the  reservoir  was  measured  by  Standard 
Crosby  gauges  which  were  carefully  calibrated  on  the  dead  weight 
gauge  tester.  In  trials  on  the  smaller  orifices  a  gauge  graduated 
in  pounds  per  square  inch  was  used.  This  gauge  could  be  read 
correctly  to  within  ^xf  of  a  pound  per  square  inch,  parallax 
being  avoided  by  aligning  the  pointer  with  its  shadow  thrown 
on  the  dial  by  a  small  lamp  suspended  opposite  the  center  of  the 
gauge.  Where  the  difference  between  the  initial  and  final  press- 
ures was  not  less  than  fifty  pounds  per  square  inch,  the  error 
\\ould  not  exceed  i  of  1  per  cent  As  it  was  very  difiicult  to  keep 
the  head  constant  when  the  reservoir  pressure  became  low  in  trials 
on  the  larger  orifices,  the  range  of  pressure  was  shortened  for 
these  trials,  and  gauges  graduated  in  tenths  of  a  pound  were 
then  used,  giving  readings  correct  to  0.02  pound,  so  that  the 
error  on  a  range  of  twenty  pounds  would  not  exceed  tV  of  1  per 
cent 

24.  The  reservoirs  were  provided  with  drain  cocks  so  that  water 
condensing  from  the  vapor  in  the  air  pumped  in  could  be  drawn 
off.  The  drains  were  opened  so  frequently  that  never  more  than 
a  pound  of  water  was  collected,  which  would  make  an  error  of 
less  than  Vo  of  1  per  cent  on  a  reservoir  volume  of  90  cubic  feet 

25.  In  cortnin  trials  on  the  smaller  orifices,  a  small  wrought 
iron  reservoir  (volume  4.204  cubic  foot)  was  used  with  the  object 
of  getting  a  wi<le  range  of  pressure  in  a  sliort  time,  and  also  of 
cheeking  results  obtained  from  tlio  large  reservoir.  From  this 
ri'SiTVoir  tlicre  was  no  Ic^ak.  Tlic  (MIht  errors  wen^  of  tlio  same 
order  as  those  previously  mentioned. 

2r>.  As  mentioned  above,  some  difficulty  was  experienced  in  keep- 


204      AIR  FLOWING  INTO  ATMOSPHERE  THRO'  CIRCULAR  ORIFICES. 

ing  the  pressure  uniform  in  the  gauging  box  when  the  discharge 
was  great.  This  was  partially  remedied  by  stopping  the  trial 
before  the  pressure  in  tiie  reservoir  had  fallen  too  low.  It  was 
almost  completely  obviated  by  attaching  to  the  spindle  of  the 
regulating  valve  a  grooved  pulley  and  leading  a  cord  from  its  rim 
over  guide  pulleys  to  a  weight  (  W,  Fig.  2)  of  about  ten  pounds.  It 
was  then  found  that  the  valve  could  be  opened  much  more  uni- 
formly by  resisting  the  action  of  the  weight  than  by  moving  the 
valve  wheel  directly.  By  this  means  the  fluctuations  were  reduced 
to  less  than  2  per  cent,  of  the  head,  and  the  trials  were  so  long 
that  the  error  in  measuring  the  head  was  substantially  only  that 
already  mentioned  due  to  inaccurate  reading  and  to  imperfect 
graduation  of  the  scale. 

27.  Time  was  measured  on  some  of  the  trials  by  an  ordinary 
watch,  on  others  by  a  stop  watch,  and  on  others  by  a  recording 
chronograph.  The  ordinary  watch  was  used  on  trials  of  5  minutes 
duration  and  longer,  and  as  it  could  be  read  correctly  to  within 
half  a  second,  the  error  in  an  experiment  lasting  20  minutes  would 
not  exceed  0.05  of  1  per  cent.  On  trials  of  two  or  three  minutes 
the  stop  watch  was  used  with  an  error  less  than  ^  of  1  per  cent 
The  chronograph,  which  made  its  records  automatically,  was  used 
on  trials  of  less  than  two  minutes  duration  and  gave  readings 
correct  to  within  uV  second.  As  the  shortest  trial  occupied  at 
least  30  seconds,  the  error  would  not  be  greater  than  i'ibt  of  1 
per  cent.  The  trials  were  started  and  stopped  by  means  of  a  quick 
opening  gate  valve  Y  (Fig.  2),  placed  between  the  regulating  valve 
and  the  reservoir,  the  chronograph  circuit  being  closed  as  the 
handle  of  the  gate  valve  passed  its  mid  position. 

28.  The  volume  of  the  reservoir  was  measured  by  weighing  the 
amount  of  water  necessary  to  511  it.  The  water  was  weighed  in 
tanks  holding  100  pounds,  on  scales  reading  correctly  to  half  an 
ounce,  so  that  the  error  could  not  exceed  tV  of  1  per  cent  The 
total  volume  of  the  three  parts  of  the  reservoir  and  the  piping 
was  found  to  be  91.881  cubic  feet.  The  various  errors  just  dis- 
cussed arc  enumerated  in  Table  1. 

29.  The  method  used  in  making  the  trials  was  as  follows: — 
The  reservoir  was  pumped  up  and  the  valve  between  it  and  the 
compressor  was  then  closed.  Sufficient  time  was  allowed  for  the 
air  in  the  reservoir  to  come  to  a  imiform  temperature.  The  gate 
valve  Fi  being  open,  the  regulating  valve  Fg  was  opened  till  the 
head  of  air  in  the  box  was  brought  to  the  point  at  which  the 
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trial  was  to  be  run.  The  gate  valve  was  then  closed  and  the 
chronograph  switch  thrown  in  so  that  when  the  valve  was  reopened 
a  record  of  the  time  would  be  made.  The  initial  pressure  and 
temperature  in  the  reservoir  were  then  read  and  the  trial  started. 
The  final  temperature  and  pressure  were  not  read  immediately  at 
the  end  of  the  trial  as  it  was  found  that  some  time  elapsed  before 
the  air  in  the  reservoir  had  resumed  a  uniform  temperature.  The 
leak  during  this  time  was  allowed  for,  but  was  very  small  since 
the  pressure  in  the  reservoir  was  low. 

Accuracy  of  Results. 

30.  Upon  consideration  it  was  found  that  the  effect  of  the  errors 
showTi  in  Table  1  upon  the  final  result  might  cause  a  total  possible 
error  of  about  ±  7  per  cent  on  the  iV  inch  orifice  at  1  inch 
head,  or  of  about  ±  1^  per  cent  in  the  case  of  the  4  inch  orifice 
at  4  inch  head.  The  actual  deviations  of  the  observed  results 
from  the  mean  curves  were  found  to  be  within  these  limits  when 
allowance  was  made  for  the  effect  of  the  size  of  the  gauging  box 
on  the  results,  as  explained  below. 

31.  The  probable  errors  have  been  calculated  for  the  variona 
series  of  experiments  made  at  different  heads,  and  are, — 


Head. 

Probable  error  %. 

1  inch. 

0.785 

2    •• 

0.470 

8    " 

0.635 

4    *• 

0.667 

5    •• 

0.650 

It  soonis  porniisftible  therefore  to  regard  the  figures  of  Tables  4 
and  5  as  being  reliable  to  within  less  than  1  per  cent 

Corrections  for  Barometric  Pressure  and  Temperature. 

:12.  From  equation  (3)  it  is  seen  that  when  the  difference  of 
pressure  on  the  two  sides  of  an  orifice  is  small,  the  weight  of  air 
discharged  per  second  should  vary  directly  as  the  square  root  of 
the  mean  pressure  and  inversely  as  the  square  root  of  the  abso- 
liito  temperature.  In  tabulating  the  results  of  the  experiments 
made  it  was  therefore  necessary  to  reduce  all  the  actual  discharges, 
as  measured,  to  their  values  at  GO  degrees  Fahr.,  and  30  inches 
b.irometric  pressure.  A  special  series  of  trials  (Nos.  151-1G2) 
was  made  to  see  whether  the  actual  discharge  would  vary  as  above 
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with  regard  to  temperature.  For  this  purpose  the  air  was  passed 
through  the  heater  {H,  Fig.  2)  previously  described,  and  was 
delivered  to  an  orifice  one  inch  diameter  under  a  head  of  3  inches 
of  water,  at  a  series  of  successively  increasing  temperatures.  It 
was  found  during  each  experiment  that  the  temperature  in  the 
gauging  box  could  be  kept  constant  within  1  degree  Fahr.,  and  the 
trials  were  made  between  the  limits  55  degrees  and  105  degrees 
Fahr.  After  measuring  the  actual  discharge  in  each  case,  and 
correcting  for  barometric  pressure,  the  mean  line  (Fig.  4)  was 
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drawn — and  the  corrected  discharges  tabulated  from  it.  The 
figures  iot  these  trials  are  given  in  Table  2,  and  show  that  within 
the  limits  of  these  experiments  the  discharge  may  be  taken  to  vary 
inversely  as  the  square  root  of  the  absolute  temperature  in  the 
gauging  box. 

33.  It  was  found  impossible  to  make  the  numerous  joints  of 
the  heater  perfectly  air  tight.  The  air  leaking  out  was,  of  course, 
visible  in  the  water  in  the  containing  tank,  its  greatest  amount 
was  found  to  be  about  0.000037  pounds  per  second  and  was  al- 
lowed for  in  calculation,  being  measured  by  displacement  in  each 
case.  The  heater  was  not  employed  for  the  other  trials  and  in 
them  this  source  of  error  did  not  exist. 
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Calculation  of  Actual  Discharge  from  Experiments. 

34.  Trials  1-146  were  made  with  the  temperature  in  the  box 
as  near  60  degrees  Fahr.  as  possible,  and  variations  from  this  tem- 
]>erature  were  allowed  for,  as  mentioned  above,  on  the  assumption 
tliat  the  discharge  is  inversely  proportional  to  the  square  root  of 
the  absolute  temperature.  Proper  correction  for  barometric  pres- 
sure was  also  applied,  and  from  these  experiments  the  actual  dis- 
charge was  then  calculated.     The  corresponding  ideal  discharge 
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was  also  worked  out  from  equation  (4)  for  a  temperature  of  60 
degrees  and  a  pressure  of  30  inches  of  mercury.  The  actual  dis- 
charge per  square  foot  of  orifice  was  then  computed  for  each 
oxi)eriment  and  the  results  plotted  on  Fig.  5.  In  Figs.  0  and  Ga 
:ire  shown  the  values  of  the  coefficient  of  discharge  obtained  from 
the  curves  of  Fig.  5,  and  from  the  corresponding  ideal  dis- 
<*harg03. 

35.  The  volume  of  the  reservoirs  and  attached  piping  being 
1»1.881  cubic  feet,  it  is  readily  shown  that  tlie  weight  actually  dis- 
i'liarged  per  second  (if  the  pressure  in  the  reservoirs  changed  from 
I\   to  P2  pounds  per  square  inch,   and   the   temperature   from 
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Ti  to  Tg  degrees  Fahr.,  absolute,  in  t  seconds)  is  given  by — 

The  actual  discharge  was  in  every  case  calculated  by  this  formula 
from  the  observed  quantities,  corrections  being  applied  as  explained 
above. 

36.  With  each  orifice  five  sets  of  experiments  were  made  at 
heads  of  from  1  inch  to  5  inch  of  water.  Figs.  8-17  (inclusive) 
show  for  each  orifice  the  corrected  actual  discharges  and  the  mean 
curves  plotted  on  a  base  of  difference  of  pressure.  The  mean 
curves  were,  of  course,  found  by  using  the  coefficients  of  discharge 
of  Figs.  6  and  6a. 

37.  Fig.   6  shows  the  curves  of  coefficients  of  discharge  for 
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various  heads  plotted  on  a  base  of  diameter  of  orifice.  From  this 
diagram  and  from  Fig.  6a  can  be  selected  a  suitable  coefficient 
for  use  in  any  particular  case.  The  detained  results  of  the  various 
trials  are  given  in  Tables  6  to  16. 

Effect  of  Size  of  Qavging  Box. 

38.  From  the  curves  of  Fig.  (5),  it  was  seen  that  the  actual 
discharges  of  the  larger  orifices  at  the  higher  heads  were  consid- 
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erably  above  the  mean  curve.  (See  also  Figs.  15,  16  and  17.) 
This  seems  to  indicate  that  the  results  were  being  affected  by 
the  velocity  of  approach  of  the  air.  To  check  this,  experiments 
(147-150  inclusive)  were  made  with  a  3  inch  orifice  at  1  inch  and 
5  inch  heads,  using  the  small  box  whose  area  was  only  13.8  times 
that  of  tlie  orifice.  The  results  of  these  trials  were  compared  with 
those  obtained  from  the  same  orifice  in  the  large  box  and  it  was 
found  that  the  discharge  with  the  small  box  was  0.2  per  cent, 
higher  at  the  1  inch  head  and  10  per  cent,  higher  at  the  5  inch 


of  w*ter 
FlO.    Oa. — COBPFICIBNT  OP    DiSClIAHOB  FOR  VARIOUS  OrIFICEB  AlTD  HkADB. 


bead.  This  variation  was  greater  than  that  observed  from  the 
trials  of  the  4^  inch  orifice  in  the  large  box,  the  difference  being 
due  to  the  smaller  ratio  between  the  areas' of  box  and  orifice.  The 
curve  of  observed  discharge  from  the  3  inch  orifice  in  the  large 
Im>x,  even  at  the  highest  heads  experimented  with,  lies  only  very 
slightly  above  the  curve  of  corrected  discharge.  These  results 
show  that  the  ar.  :i  of  cross  section  of  the  gauging  box  should,  for 
heacls  up  to  5  inches,  he  at  least  twenty  times  the  area  of  the  orifice 
if  reasonably  accurate  results  are  to  be  obtained.  For  greater 
heads  a  still  larger  box  would  probably  be  necessary. 
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Fig.  9. — Discharge  for  i"  Orifice. 
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Fig.  11.— Discharge  for  H"  Orifice. 
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Fig.  13.— Discharge  for  %\"  Orifice. 
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Fig.  15.— Discharge  for  8i"  Orifice. 
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Fig.  16.— Dibciiakoe  for  4"  Orifice. 
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Fig.  17. — DisciiARaB  for  4 J"  Obifice. 
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Conclusions  and  Remarks. 

39.  The  experiments  and  curves  indicate  that: — 

(1)  The  coefficient  for  small  orifices  increases  as  the  head  in- 
creaseSy  but  at  a  lesser  rate  the  larger  the  orifices,  till  for  the  2 
inch  orifice  it  is  almost  constant  For  orifices  larger  than  2  inches 
it  decreases  as  the  head  increases,  and  at  a  greater  rate  the  larger 
the  orifice. 

(2)  The  coefiicient  decreases  as  the  diameter  of  the  orifice  in- 
creases and  at  a  greater  rate  the  higher  the  head. 

(3)  The  coefficient  does  not  change  appreciably  with  tempera- 
ture (between  40  degrees  and  100  degrees  Fahr.). 

(4)  The  coefficient  (at  heads  under  6  inches)  is  not  appreciably 
afiPected  by  the  size  of  the  box  if  the  ratio  of  the  areas  of  the  box 
and  orifice  is  at  least  20 :1. 

40.  It  is  hoped  that  the  information  given  in  this  paper  will 
enable  a  reasonably  accurate  measurement  of  air  at  low  pressure 
to  be  made  by  the  use  of  a  comparatively  simple  and  inexpensive 
gauging  apparatus. 

Note.— On  derivation  of  equation  (1). 
Let  W  =  weiglit  of  gas  discharged  per  second  in  pounds. 
A  r=  area  of  cross  section  of  Jet  in  square  feet. 

Pi,  P,  =  pressures  inside  and  outside  orifice  in  pounds  per  square  foot. 
V\t  Ft  =  correspondinir  specific  volumes. 
y  =  ratio  of  the  specific  heats  Kp/K, 
K^  Kinetic  energy  of  1  lb.  of  gas. 
u  =  velocity  of  gas  at  any  point. 
T  ■=.  absolute  temperature. 

If  heat  is  given  to  a  quantity  of  gas  under  any  circumstances  whatever,  the 
amount  of  heat  is  equivalent  to  tlie  increase  in  internal  energy,  together  with  the 
external  work  done,  and  thus,  for  any  small  adiabatic  change, 

KvdT^  PdV=0 , (a) 

Again  if  there  is  no  f-.clional  loss,  the  ainuullt  of  heat  given  to  the  gas  mu^t 
be  equivalent  to  the  r^ange  in  kinetic  energy  together  with  the  change  in  prei>- 
flure  energy  (liead)  together  with  the  change  in  internal  energy,  so  that  for  any 
small  adiabatic  change 

dK-^  diPV)  +KvdT=0 (b) 

From  (a)  and  (h'  we  have 

dK  ■»-   VdP  =  O. 

hence  in  lasting  from  conditions  Ft  Vi  to  conditions  PV  we  nliall  have 


IH 


P. 

VdP 
P 
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or,  since  P  Fy  =  constant,  and  if  u  is  the  final  velocity, 


^g-y-l 


hence  «  =  |/ 2^1^ -^  (P,  Fi  -  P,  F,)  =  ^2g-J^^.P,V.  R  -  (ft)  ^^1 
and  the  weight  of  gas  discharged  in  unit  time^  with  frictionless  adiabatic  flow  is 

TABLE  1. 
Sources  of  Error. 


Operation, 


Allowing  for  leak 

Reading  pressure  in  reservoir 

Iteading  temperature  in  reservoir 

Finding  volume  of  reservoir 

Allowing  for  condensed  water  in  reservoir 

Measuring  area  of  orifice 

Taking  temperature  in  box 

Graduating  U  tube 

Reading  head  from  tube 

Measuring  time 


Brror  in  Per  Cbnt. 


^s-inch  Oriflce. 
1-inch  Head. 


±3.0 

±0.2 

±0.03 

±0.033 

-0.025 

±0.7 

±0.1 

±0.4 

±0.4 

±0.05 


4-inch  Oriflce. 
4-inch  Head. 


±0.01 

±0.2 

±0.03 

±0.033 

-0.025 

±0.05 

±0.1 

±0.1 

±0.1 

±0.06 


TABLE  2. 

Experiments  Showing  Effects  op  Temperature  of  Air. 

Diameter  of  orifice,  1  inch.    Difference  of  pressure,  3  inches  of  water. 


1 

2 

3 

4 

5 

6 

Corrected  di^— 

Temperature  in 

Actual  discharge 

charge?  a«- taken 

i^nare  Root 

Product 

Expt.  No. 

Gaiiginsr  Box. 
Deg.  Fahr.,  aba. 

as  mpsM-.r^^ 

from  curres, 

of  abs. 

Column  6  x 

Lbs.  per  Second. 

Fig.  4. 

Tetf  oerature. 

Column  4. 

Lbs.  per  Second. 

- 

151 

516.1 

0.02938 

0.02910 

22.72 

0.6612 

152 

525.5 

0.02901 

0.02895 

22  .V2 

0.6632 

153 

525.9 

0.02934 

0.02893 

22.9cr 

0.6634 

154 

526.3 

0.02881 

0.02890 

22.94  ^ 

0.6630 

155 

537.0 

0.02827 

0.02860 

23.17      . 

0.6627 

156 

542.4 

0.02864 

0.02850 

23.29 

s.  0.6638 

157 

546.8 

0.02832 

0.02835 

23.38 

"^6628 

158 

548.1 

0.02984 

0.02830 

23.41 

Q^|£626 

159 

549.6 

0.02767 

0.02825 

23.45 

0.l625 

160 

561.8 

0.02637 

0.02795 

23.70 

0.1624 

161 

563.3 

0.03004 

0.02790 

23.73 

0  A621 

162 

567.6 

0.02636 

0.02775 

23.82 

owio 

t 
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TABLE  3. 

Mean  Discharge  in  Pounds  per  Square  Foot  of  Orifice  per  Second,  as 
Found  from  Experiments. 


Diameter 

linch  Head 

2-inch  Head 

3-inch  Head 

4-inch  Head 

5-inch  Head 

Orifice 
Inches. 

Discharge 
per  Sq.  Ft. 

Discharge 
per  Sq.  ft. 

Difcharpe 
per  8q.  Ft. 

Discharge 
per  Sq.  Ft. 

Discharge 
per  Sq.  Ft. 

0.3125 

3.060 

4.336 

5.395 

6.188 

7.024 

0.5005 

3.012 

4.297 

5.242 

6.129 

6.821 

1.002 

3.058 

4.341 

5.348 

6.214 

6.838 

1.505 

3.050 

4.257 

5.222 

6.071 

6.775 

2.002 

2.983 

4.286 

5.284 

6.107 

6.788 

2.502 

3.041 

4.303 

5.224 

5.991 

6.762 

3.001 

3.078 

4.297 

5.219 

6.033 

6.802 

3.497 

3.051 

4.258 

5.202 

5.966 

6.814 

4.002 

3.046 

4.325 

5.264 

5.951 

6.774 

4.506 

3.075 

4.383 

5.508 

6.260 

7.028 

TABLE  4. 
Coefficients  of  Discharge  for  Various  Heads  and  Diameters  of  Orifice. 


Diameter 
of  Orifice  Inches. 

1-inch  Head. 

2-lnch  Head. 

3-inch  Head. 

4-inch  Head. 

5  inch  Head. 

A- 

0.603 

0.606 

0.610 

0.613 

0.616 

4 

0.602 

0.605 

0.608 

0.610 

0.613 

1 

0.601 

0.603 

0.605 

0.606 

0.607 

14 

0.601 

0.601 

0.602 

0.603 

0.603 

2 

0.600 

0.600 

0.600 

0.600 

0.600 

24 

0.599 

0.599 

0.599 

0.598 

0.598 

3 

0.599 

0.598 

0.597 

0.596 

0.596 

34 

0.599 

0.597 

0.596 

0.595 

0.504 

4 

0.598 

0.597 

0.595 

0.594 

0.503 

44 

0.698 

0.596 

0.594 

0.593 

0.502 

Weight  of  air  discharged  per  second  =  0.6299  C'cPi/ *  lbs.     (Barometer  at 

30  inches.) 

TABLE  5. 

Corrected  Actual  Discharge  in  Pounds  per  Second  at  60  Degrees  Fahr. 
AND  14.7  Pounds  BAROMtrrRic  Pressure  for  Circular  Orifices  in 
Plate  0.057  Inches  Thick. 


DiAMETSR  OF  OrIFICB   IN   InCBBS. 

II<*«d 

Inchet*. 

1 

1 

0.3126 

0.500 

1.000 

1.500 

2.000    2.500 

3.000 

3.500 

4.000    4.500 

5.000 

i 

0.00114 

0.00293 

0.0117 

0.0203 

0.0408  0.0732 

0.105 

0.143 

1 
0.187    0.237 

0.292 

1 

0.00102 

0.00416 

0.0106  0.037;< 

0.0<m3  0.103 

0.149 

0.202    0.204    0.334 

0.413 

H 

0.00199 

0.00510 

0.0203  0.0457 

0.0811  0.127 

0.182 

0.248i   0.323    0.409 

0.505 

2 

0.00231 

0.00590 

0.0235  0.052810.0937,0.146 

0.210 

0.285    0.373,   0.471 

0.582 

2i 

0.00259 

0.00062 

0.0263  0.05910.105  lO.lOS 

0.235 

0.319;   0.410    0.520 

0.649 

3 

0.00285 

0.00726 

0.0289  O.OfWts'o.  115  ,0.179 

0.257 

0.349    0.455    0.575 

0.710 

H 

0.00308 

0.00786 

0.0312  0.0700  0.124  ,0.193 

0.277 

0.377,  0.491    0.0211  0.700 

4 

0.00330 

0.00842 

0.0334:0.0749  0.133  ,0.200 

0.290 

0.402'  0.525,  0.063,  0.817 

H 

0.00351 

0.00895 

0.0355  0.0794  0.141    0.219 

0.314 

0.426,  0.556;   0.702i  0.865 

r 

0.00371 

0.00945 

0.0375  0.0838  0.148    0.231 

0.331 

0.449    0.586    0.739 

0.912 

M 

0.00300 

0.00993 

0.03930.0879  0.155 

0.242 

0.347 

0.4711  0.613    0.774 

0.953 

(y 

0.00408 

0.01049 

0.0411,0.0918  0.162 

0.252 

0.302 

0.4921  0.640    0.808 

0  995 
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TABLE  6. 


iHun. 

of 
Orifioe 

Itm. 

Doration 

of 
tiiii] 

RmsHTOis. 

Box 

Temp. 
Ah*. 

Actual 
Dbchftjig» 
Lhi.  Sec, 

OoRvcted 
Afllual  d]«- 
charee    ai 
60"  F,  Kid 
14.7  lbs. 

No, 

of 

trial. 

Abs. 

Ab9. 

Teaiper>tUM. 

iniliaJ. 

FiEUd. 

iDilial. 

Final. 

I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

4* 

1 

1 
2 
2 

1,260 
3.000 
1.^*0 
3.000 

508 
1.200 
1,20U 
3.600 
1.800 
1.560 
4.080 

373 
2,400 
2.700 
3.900 

88.8 
95.4 
71.8 
78.2 
78.2 
57.6 
49.7 
57.6 
92.14 
78.22 
92.14 
92.5 
59,9 
101.18 
101.18 

83.4 

78.7 

64  8 

68.7 

19.4 

49.7 

41.8 

34.5 

78.22 

66.31 

60.79 

27.6 

39.8 

77.39 

67.27 

530,1 
520.1 
519,9 
520. 0 
543.8 
520.0 
519.8 
520.0 
520,9 
520.6 
6i^  9 
542.3 
520.4 
522.1 
522.1 

520-0 
520.0 
519  8 
519. B 
53L5 
510.8 
519.8 
519.8 
530.6 
520.5 
520.4 
530.6 
519.9 
52(K1 
520.5 

518.6 
£18.6 
520.0 
520.0 
534.0 
621.0 
531.3 
621.3 
531.4 
520.5 
530.2 
5^1.2 
531.5 
522.2 
522.3 

.002033 
.002040 
.002758 
.002592 
.002463 
.003149 
.003153 
.003072 
.003677 
.003637 
.003665 
.003699 
.003998 
.004157 
.004109 

.001628 
.001631 
.002430 
.002264 
.002236 
.002879 
.002912 
,002833 
.003292 
,003396 
.003262 
,003333 
.003748 
.003751 
.003723 

TABLE  7. 


EKacHVoiR, 

Comict^id 

No. 

Diom, 

Dttr&tioD 

i_>     * 

utunl  dU- 

of 

Oiififie 

Hmd 

of 

Bos 

Aotma 

ubwg^    fit 
60«F,aiul 

of 

iDI. 

trio]. 

,           Abfi. 

AbB, 

Temp. 

Dbehuve 

trial. 

w*t«f. 

S«CB. 

Presffurea. 

Temparatura. 

Ab£ 

LIhlSm. 

14.7  ItM. 

loitua. 

FmmL 

laitud. 

Fiul. 

16 

3^98 

96,8 

63.7 

529.2 

523.4 

524.5 

.004482 

.004123 

IT 

1453 

06.8 

85.0 

529.2 

524.0 

524.4 

,004468 

.004067 

IS 

2.245 

85.0 

63.7 

624.0 

.'>23.4 

524.5 

.004489 

.004155 

19 

2.427 

06.8 

64. 7 

624.9 

522  6 

524,4 

.006227 

,005860 

50 

1,276 

96.8 

79.9 

534,9 

523,2 

624.4 

.005832 

21 

1.151 

79.9 

64.7 

523.2 

523.6 

524.1 

.006247 

.005924 

i2 

2.992 

103.0 

54.6 

538.8 

523,1 

624.9 

.007518 

.007177 

23 

1.081 

103.0 

85.0 

528.8 

524,1 

534.5 

,007482 

.007078 

24 

1,911 

85.0 

54.6 

624,1 

523.1 

526.0 

.007541 

,007336 

25 

2J26 

93.8 

54.6 

525.3 

522,9 

523.4 

,0081574 

,008346 

ae 

1.036 

©3,8 

74.7 

625.3 

523.5 

523.0 

.008600 

.008323 

27 

1,090 

74,7 

54  6 

623.5 

522.9 

623.8 

.008744 

.008457 

SE8 

^ 

981 

94.8 

74.7 

526.4 

524.6 

51S.9 

.009561 

.OOOlSiS 

20 

r 

533 

66.7 

64,6 

524.3 

533,6 

531.1 

.009757 

,000457 

TABLE  8. 


Reservoir. 

Diam. 

Duration 

Corrected 

No. 

of 

Head 

of 
Trial. 
Sees. 

Box 

Actual 

actual  dis- 

of 
trial. 

Orifice 

LOB. 

ins. 
water. 

Aba. 
Pressure. 

Abs. 
Temperature. 

Temp. 
Abs. 

Disoharse 
Lbs.  Sec. 

ohanpe   at 

60»F.  and 

14.7  lbs. 

Initial.  1  Final. 

Initial. 

Final. 

30 

1 

412 

87.0  1  72.5 

522.6 

521.0 

519.1 

.01643 

.01003 

31 

1 

833.67 

94.17    63.39 

522.1 

521.4 

513.8 

.01752 

.01609 

32 

1 

870.14 

93.51 

60.90 

521.1 

518.8 

515.5 

.01773 

.01723 

33 

2 

1.167 

92.1 

32.6 

520.5 

518.0 

520.0 

.02380 

.02357 

34 

2 

687 

62.5 

32.6 

519.6 

518.0 

520.2 

.02432 

.02406 

35 

2 

1.147 

92.1 

32.6 

533.1 

518.2 

520.4 

.02384 

.02358 

36 

2 

587 

62.5 

32.6 

520.0 

518.2 

520.1 

.02424 

.02898 

37 

3 

478 

60.5 

30.6 

520.1 

518.6 

522.1 

.02984 

.02963 

38 

3 

748 

83.9 

36.5 

524.5 

520.6 

521.7 

.   .02990 

.02963 

39 

3 

1.020 

91.3 

27.5 

522.6 

518.2 

516.1 

.02967 

.02925 

40 

676 

94.8 

44.8 

523.4 

517.0 

520.1 

.03477 

.03440 

41 

658 

94.8 

44.8 

535.8 

517.4 

524.6 

.03415 

.08898 

42 

776 

91.8 

84.6 

528.8 

515.4 

519.8 

.03414 

.03879 

43 

593 

94.8 

44.8 

538.8 

518.5 

518.5 

.03758 

.03715 

44 

588 

94.8 

44.8 

537.9 

518.3 

518.8 

.03798 

.08766 

45 

1 

587 

94.8 

44.8 

538  0 

518.3 

518.7 

.08806 

.03764 
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TABLE  9. 


Rebehtoib. 

of 

Oriace 

Hcwl 

of 

TriaL 

Box 

Astiial 

Convctw 

Ho. 

aetualdin- 

of 
tnBL 

in*, 
water. 

Abfl. 
Prowur*. 

Abs. 

Temporatiiro. 

Tetdp. 

14.7  lb«. 

InitiaL 

Final. 

Initial.  1  Final, 

46 

573 

01.8 

44.8 

524/l'  519.5 

510.0 

.93870 

.03839 

47 

£02 

04. S 

44.8 

538.3    518.8 

510.3 

.03772 

.03782 

4S 

5se 

^.8 

44.8 

541.3    510.5 

510.7 

.0^73 

.93734 

43 

417 

94.8 

44.8 

540.8    515.5 

518,0 

.05274 

.95234 

fiO 

6O0 

#4.7 

26.6 

523.4    517.0 

513.4 

.95368 

.06301 

^1 

600 

94. a 

25.8 

5:^,3.  516,7 

514,5 

.05S18 

.95250 

52 

373 

ee.s 

44  .a 

623.7    512.7 

516.6 

.06600 

.06440 

53 

310 

80.8 

44.8 

523.41  512.8 

5i6.7 

.06579 

.06514 

54 

S3B 

02.8 

44.8 

529.4    513.1 

51ff.l 

.06450 

.96309 

&5 

286 

Ot.8 

44.8 

523.8    512.1 

516.2 

.07632 

.07564 

56 

aoe 

^.8 

44.8 

526.0    512.2 

514.0 

.07518 

.07443 

57 

273 

94.8 

44.8 

524.7,  511.1 

517.1 

.08480 

.OS415 

58 

267 

04.8 

44.8 

532.0    511.6 

515.2 

.08445 

.08326 

50 

256 

91.8 

44.8 

527. 7|  513.1 

514.8 

.08401 

.08321 

TABLE  10. 


REsinToin. 

Dlam. 

of 

Orm«e 

ini. 

H««i 

Duration 

of 

trial 

Box 

Actual 

CoiTMted 

No. 

B«tysJ  dii- 

^ 

mil. 

Wftt«r. 

Abi. 

Ab«. 

Tempwature. 

Temp. 

Lbfl.  S«. 

60^f*aad 
14.7  ibi. 

3 



Inidil. 

Final. 

Itutial. 

Fiiukl. 

m 

347.2 

02.1 

42.5 

524.6 

610,1 

611.0 

.06613 

.06531 

« 

a 

332.0 

87.9 

37.5 

530. S 

510.0 

513.2 

.06570 

.06503 

«3 

3 

335.2 

87.0 

37.5 

53f}.4 

512.8 

513.7 

.06613 

«3 

2 

249.5 

82.0 

32,0 

537.3 

5U.4    513.0 

.09101 

.0909T 

64 

3 

242.9 

87.0 

37.5 

525.6 

511 .5    517.1 

.09470 

.00416 

65 

2 

233.7 

94.8 

44.8 

533.6 

511. 3    531.2 

.00633 

.90600 

66 

2 

249.0 

95.8 

36,0  .  526.2 

516. 4|  512.6 

.1165 

.1153 

87 

2 

349.0 

94,8 

35.3      525.6 

522, 3|  613,3 

.1168 

.1157 

68 

2 

349.9 

01.8 

32.4  ,  525.5 

520.1    514.7 

.1165 

.1155 

m 

2 

210.0 

03.1 

41.1 

526,2 

524.1    513.6 

.1167 

.1156 

10 

150.0 

80.3 

46.7 

62^,6 

523.0    514.4 

.1371 

,1368 

71 

150,0 

88.8 

45.0 

526,0 

521.9    514.0 

.1343 

.1333 

7a 

150.0 

96.8 

53.8 

527.3 

519.71  616.0 

.1322 

.1313 

73 

110.31 

02.2 

54.3 

523.3 

521.4    517.5 

.1503 

.1404 

74 

113.03 

09.0 

54.6 

524.6 

533.0    516.1 

,1401 

.1461 

75 

133.18 

06.8 

65.1 

524.5 

623.2 

514.3 

.1489 

.1476 

TABLE  11. 


RsittBvaiit. 

UU^ 

Haad 

DoratUin 

Box 

Afltual 

Corrected 

No. 

of 

aetual  dii- 

of 

Ori6<»t 

ini. 

trial 

Abe. 

Aba. 

Temp, 

Diiehnt^e 

Cham    at 
60- F,  and 

UHaL 

Lna. 

water. 

B«ca* 

FtQuw. 

Temp«raluz«. 

Aba. 

Lb«.  S«. 

14.7  Ibi. 

InitiaL 

Fliul. 

InitiaL 

ThuL 

76 

34 

290.8 

03.8 

26.6 

523.7 

618.6 

616.1 

.1042 

.1034 

77 

2 

309.9 

03.8 

27,4 

523.2 

616.0 

613,3 

.1046 

.1036 

78 

3> 

300.5 

03.9 

25.9 

.■^22.8 

616.1 

611.0 

.1050 

.1047 

TO 

3 

:ttK).9 

03.3 

2ft. ft 

524  0 

514.0 

511.1 

.1040 

.lOU 

89 

2 

J30.O 

00.6 

48.1 

515.7 

516.5 

610.7 

.1470 

,l4iS 

81 

2 

150.0 

00.38 

42.  Oa 

521.1 

515.8 

513.6 

.1400 

.1481 

m 

t 
3 

178.2 

02.1 

22.M 

532.8 

506.8 

600.8 

.1800 

.1780 

83 

105.0 

87.5 

48.4 

513.8 

616  3!  613.8 

.1819 

.1708 

84 

2 

119.9 

80.93 

48.15 

533,3 

518.1    513.3 

.1703 

.1776 

ia 

2 

126.6 

02.1 

32.6 

545.8 

509.21  611  5 

.3050 

,2088 

m 

3 

t 

09.0 

00.06 

47.33 

521.5 

514.0 

514.7 

.3074 

.2069 

Wf 

2 

08. 6d 

88.0 

42  8 

523.4 

616,0 

512.0 

.3058 

.2099 

m 

31 

t 

^ 

111.4 

89.9 

32.8 

526.0 

507.7 

513.8 

.3346 

.3328 

89 

a 

^ 

114.8 

03.1 

32  6 

.■^7.1 

609.7 

500.1 

1      .2335 

.2306 

OQ 

3 

t 

115.8 

06.7 

36.5 

637,3 

508.7:  606.8 

.3337 

.3300 
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TABLE  12. 


No. 

of 

trial. 


91 

92 

93 

94 

85 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 


Diam. 
of 

Head 

Duration 
of 

Orifice 

ins. 

trial 

ins. 

water. 

Sees. 

3 

1 

150.17 

3 

1 

148.32 

3 

1 

153.63 

3 

2 

86.21 

3 

2 

93.72 

3 

2 

74.95 

3 

3 

67.32 

3 

3 

73.20 

3 

3 

44.45 

3 

4 

47.92 

3 

4 

45.54 

3 

4 

55.15 

3 

5 

42.97 

3 

5 

50.23 

3 

5 

43.27 

Rbservoir. 


Abs. 
Pressure. 


Initial.    Final. 


98.3 
96.5 
95.9 
92.1 
93.0 
93.2 
99.1 
94.0 
99.2 
94.8 
97.1 
100.7 
90.0 
98.0 
94.6 


49.6 
48.5 
45.8 
53.1 
50.8 
59.3 
62.0 
53.6 
73.7 
63.0 
68.3 
65.6 
59.3 
62.4 
63.1 


Abs. 
Temperature. 


Initial.  Final. 


524.4 
524.4 
526.6 
523.9 
519.0 
520.0 
519.9 
520.3 
521.8 
519.8 
519.2 
521.8 
519.3 
520.1 
518.8 


521.2 
522.8 
523.0 
523.6 
517.4 
519.3 
517.6 
519.5 
511.4 
508.8 
517.0 
517.5 
516.9 
518.8 
518.6 


Box 

Temp 

Abs. 


513.2 
513.8 
512.1 
513.5 
512.6 
509.9 
509.3 
512.5 
509.5 
509.3 
511.5 
609.7 
510.4 
505.7 
506.3 


Actual 
Discharge 
Lbs.  Sec. 


.1530 
.1532 
.1531 
.2147 
.21.38 
.2161 
.2613 
.2638 
.2569 
.3043 
.2995 
.2986 


.3373 
.3490 


Corrected 
actual  dis- 
chanre  at 
60*  F.  and 
14.7  lbs. 


.1513 
.1513 
.1609 
.2111 
.2107 
.2114 
.2567 
.2591 
.2533 
.3006 
.2944 
.2941 


.3292 


TABLE  13. 


No. 

of 

trial. 


106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 


Diam. 
of 

Head 

Duration 
of 

Orifice 

ins. 

trial 

ins. 

water. 

Sees. 

3^ 

1 

72.10 

3 

1 

67.35 

3* 

2 

52.2 

3. 

2 

68.78 

3 

2 

54.59 

^ 

3 

41.04 

3 

3 

69.2 

3 

3 

75.0 

3i 

4 

34.04 

4 

60.5 

3* 

4 

68.5 

3* 

5 

29.35 

at 

3  [ 

5 

30.12 

5 

31.22 

Rbservoir. 


Abs. 
Pressure. 


Initial.    Final. 


99.5 
98.5 
100.4 
99.1 
98.3 
96.23 
89.7 
89.0 
98.33 
86.9 
90.9 
95.15 
95.41 
97.69 


67.6 

69.1 

68.7 

56.8 

64.9 

65.60 

38.3 

33.2 

69.28 

34.9 

32.4 

66.21 

65.94 

66.92 


Abs. 
Temperature. 


Initial.  Final. 


520.2 

519.6 

520.4 

520.1 

520.3 

519.8 

522.5 

520.0 

521.5 

520 

521 

519 

520 


520.7 


518.7 
517.6 
518.9 
518.1 
519.7 
517.9 
512.1 
515.5 
519.6 
515.7 
511.8 
513.1 
519.2 
520.1 


Box 
Temp. 
Abs. 


606.5 
505.7 
505.2 
503.7 
605.1 
507.2 
609.2 
511.2 
505.7 
503.5 
506.4 
507.0 
506.6 
605.1 


Actual 
Discharge 
Lbs.  Sec. 


.2105 
.2069 
.2889 
.2926 
.2926 
.3541 
.3481 
.3543 
.4042 
.4084 
.4039 
.4595 
.4650 
.4702 


Corrected 
actual  dis- 
charge at 
60*  F.  and 
14.7  lbs. 


.2051 
.2020 
.2810 
.2862 
.2847 
.3458 
.3442 
.3509 
.3946 
.4012 
.3984 
.4518 
.4545 
.4672 


TABLE  14. 


Diam. 

of 

Orifice 

ins. 

Head 

ins. 

water. 

Duration 

of 

trial 

Sees. 

Resbrvoir. 

Box 

Temp. 

Abs. 

Actual 
Discharge 
Lbs.  Sec. 

Corrected 

No. 

of 

trial. 

Abs. 
Pressure. 

Abs. 
Temperature. 

actual  dis- 
charge  at 
60*  F.  and 
14.7  lbs. 

Initial. 

Final. 

Initial. 

Final. 

120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 

1 
1 
1 
2 
2 
2 
3 
3 
4 
4 
4 
5 
5 
6 

54.89 

48.69 

47.46 

36.08 

38.60 

40.6 

53.5 

54.6 

22.69 

21.66 

42.5 

19.91 

20.32 

20.68 

98.00 

96.95 

97.30 

96.31 

97.39 

97.15 

89.6 

91.8 

94.65 

95.49 

91.2 

96.55 

97.35 

93.94 

66.57 

68.56 

70.03 

67.24 

65.60 

63.73 

37.1 

37.2 

69.07 

70.63 

43.0 

71.33 

71.17 

67.75 

520.6 
522.0 
521.6 
521.1 
521.6 
520.8 
523.7 
524.3 
521.4 
521.4 
524.3 
620.5 
619.8 
620.1 

518.9 
519.3 
518.3 
520.0 
518.9 
517.0 
519.7 
514.5 
518.6 
517.0 
514.8 
519.1 
518.7 
516.4 

507.8 
506.7 
506.6 
505.4 
505.2 
607.7 
608.3 
606.8 
604.8 
503.6 
606.0 
603.7 
603.4 
604.6 

.2715 
.2745 
.2696 
.3820 
.3887 
.3880 
.4636 
.4684 
.5319 
.5330 
.6298 
.6125 
.6135 
.6943 

.2657 
.2684 
.2642 
.3722 
.3805 
.3811 
.4578 
.4620 
.6189 
.6191 
.5221 
.6970 
.6967 
.6819 
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TABLE  15. 


RxunroiH. 

Dlsm. 

of 

Orifice 

iiu. 

HeiM] 

Duration 

of 

trial 

Box 

Aotu^t 

Oorrvetod 

of 
iriftL 

actual  db- 

ins, 
water. 

Aba. 

Abs. 
Tempwfctdpe. 

To«np. 

DiwbQLn^ 
Lb«.BM, 

00'  R  and 
14.7  Iba, 

iDltUL 
07.85 

FiiuJ, 

InJtJAl. 

Final. 

134 

4 

t 

I 

3S.00 

GO. 83 

521.0 

610.4 

604.8 

.3480 

.3408 

135 

4 

1 

47.83 

102.48 

66.96 

525,6 

618. 9 

507.3 

.3420 

.3373 

lae 

4 

t 

40.26 

07.13 

fi7.37 

520.9 

618.0 

506.2 

.3605 

.3438 

1,17 

4 

2 

23.67 

00. D 

74,6 

522,1 

618.9 

506.2 

.4834 

.4727 

las 

4 

2 

2&m 

Ol.fiO 

65.77 

515.0 

512.7 

505.4 

.6080 

.4984 

139 

4 

3 

23.70 

00.31 

&6.J8 

5t5.7 

512.9 

603.8 

.6233 

.0085 

140 

4 

S 

25.86 

07.74 

04.40 

515.4 

610.0 

503.4 

.6295 

.0099 

141 

4 

3 

23.82 

06.77 

54.77 

615.0 
515,3 

515.8 

503.4 

.63CS 

.0119 

42 

4 

4 

21.46 

96.82 

64.62 

515.4 

603.5 

,7247 

.7044 

143 

4 

4 

21.31 

&4.35 

03.30 

515.2 

615.8 

603.4 

.7062 

.0832 

144 

i 

4 

37, tX) 

94.47 

30,0fi 

515.1 

514,6 

4oe.9 

.7112 

.0026 

145 

4 

5 

20.00 

33.40 

44.37 

615.0 

516.0 

406.2 

,8121 

.7002 

146 

4 

fi 

20.71 

03.43 

44,  RD 

515  9 

510.3 

406.6 

.7893 

,7654 

147 

3 

1 

03jy5 

00.  CI 

05.00 

520.2 

517.0 

600.1 

.164S 

.1612 

14S 

a 

1 

87,81 

07.21 

6S.31 

521.1 

619.0 

508.0 

.1656 

.1616 

140 

3 

5 

36  5^ 

92.35 

ai.4i 

520.2 

518.1 

504.7 

.3767 

.3675 

IWJ 

3 

a 

34.74 

01.02 

03,41 

620.3 

519.8 

504.4 

.3700 

.3079 

TABLE  10. 
Experiments  on  Effect  of  Variations  of  Temperature. 


No. 

of 

trial. 


151 
162 
153 
154 
155 
156 
167 
158 
159 
160 
161 
162 


Diam. 

Duration 

of 

Head 

of 

Oriflce 

IM. 

trial 

ins. 

water. 

Sees. 

3 

1.020 

3 

600.0 

3 

600.0 

3 

600.0 

3 

600.0 

3 

600.0 

3 

600.0 

3 

600.0 

3 

699.5 

3 

599.0 

3 

600.0 

3 

599.4 

Rksbryoir. 


Abs. 

Pressure. 

Initial. 

Final. 

91.3 

27.5 

9:<.9 

55.9 

87.2 

49.1 

94.2 

66.1 

90.6 

52.6 

89.3 

62.2 

87.6 

50.5 

92.1 

62.0 

86.3 

50.2 

90.6 

65.1 

91.8 

61.5 

80.0 

46.0 

Abs. 
Temperature. 


Initial.  Final. 


522.6 
625. 4' 
526.31 
527.5 
531.71 
524.0, 
525.6 
531.8' 
624.81 
5.S3.6 
531.3 
523.7, 


618.2 
517.9 
617.4 
517.8 
519.1 
519.3 
518.0 
517.7 
518.4 
622.4 
617.3 
620.1 


Box 

Actual 

Temp. 

Abs. 

Lbs.  Sec. 

516.1 

.02968 

525.6 

.02936 

525.9 

.02936 

626.3 

.02916 

537.0 

.02861 

542.4 

.02898 

646.8 

.02865 

548.1 

.03018 

549.6 

.02803 

661.8 

.02675 

563.3 

.03038 

567.6 

.02671 

Correct«d 

actual  dia- 

oharge  »t 

14.7  lbs. 


.02938 
.02901 
.02934 
.02881 
.02827 
.02864 
.02832 
.02984 
.02767 
.02687 
.03004 
.02636 


DISCUSSION. 

J/>\  Walter  B,  Snow, — Last  month,  at  the  meeting  of  the  So- 
ciety of  Naval  Architects  and  Marino  Engineers,  D.  W.  Taylor, 
in  his  pajier  on  '*  Experiments  with  Ventilating  Fans  and  Pipes," 
j)r<>jK)8ed  a  method  of  measuring  air  l)y  means  of  a  series  of  Pitot 
tubes.  Great  care  and  precision  were  evident  in  the  conduct  of 
the  exj)eriments  upon  which  this  pajXir  w^as  based. 

The  paper  which  we  have  under  consideration  to-day,  although 
prf)p>8ing  a  different  method,  manifests  the  same  thought  and 
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care  as  to  details.  Its  value  is  greatly  increased  by  the  clearness 
with  which  the  writer  illustrates  his  method  of  test  and  calcula- 
tions, but  it  appears  to  lack  any  explanation  as  to  the  form  of 
the  tube  connection  inside  the  box. 

Inasmuch  as  the  author  assumes  that  the  velocity  of  approach 
of  the  air  has  some  influence  on  the  air  deliveries  with  the  larger 
orifices,  it  also  seems  reasonable  to  assume  that  the  form  and 
location  of  the  U  tube  connection  inside  the  box  might  have  an 
appreciable  effect  upon  the  indicated  pressure.  It  is  certainly 
true  that  even  with  moderate  velocities  the  aspiration  effect  of 
the  air  flowing  squarely  across  the  end  of  a  tube  will  be  appreci- 
able and  erratic,  as  was  pointed  out  in  the  former  paper.  If  the 
end  of  the  tube  be  curved,  the  total  pressure  will  be  indicated  only 
when  its  mouth  directly  faces  the  current  of  air. 

It  is  interesting  to  note  that  for  the  two-inch  orifices  the  author 
finds  the  coefficient  for  the  formula 


Pounds  per  second  =  0.6299  Cd^ 


to  be  a  constant  and  equal  to  0.60.  This  being  the  case,  I  would 
suggest  that  a  very  convenient  form  of  measuring  device  might 
be  made  of  a  thin  plate  with  a  number  of  two-inch  orifices  so  ar- 
ranged that  they  could  be  readily  opened  and  closed.  Varying 
quantities  of  air  might  thus  be  measured  while  using  a  constant 
coefficient  for  different  heads.  The  only  variables  requiring 
to  be  noted  would  be  the  pressure  of  the  air,  its  temperature  and 
the  number  of  two-inch  orifices  which  were  open.  The  formula 
would  then  resolve  itself  into 

Pounds  per  second  =  1.512  Ni/    ^ 

where  N  =  number  of  two-inch  openings. 

In  experiments  of  great  precision  the  humidity  of  the  air  should 
be  taken  into  account  as  well  as  its  temperature  and  pressure. 
Under  ordinary  atmospheric  conditions  the  humidity  makes  a  dif- 
ference of  only  one-half  of  one  per  cent,  in  the  density,  but  for 
unusual  conditions  it  is  certainly  worthy  of  notice. 

Mr.  Albert  Kingsbury. — I  am  much  interested  in  this  paper, 
and  I  think  we  all  should  be  grateful  for  the  results  which  the 
author  has  presented  to  us. 

I  have  at  times  been  desirous  of  measuring  the  volume  of  dis- 
charge of  fans,  and  have  been  to  some  extent  deterred  from  under- 


AIR  FLOWING  INTO  ATMOSPHERE  THRO'  CIRCULAR  ORIFICES.      229 

taking  the  work  because  of  the  very  great  difficulty  that  is  involved 
in  securing  reasonably  exact  results. 

It  seems  to  me  that  the  results  of  these  experiments  afford  an 
outlet  in  this  direction.  We  may  avoid  a  large  amount  of  ex- 
perimental work  by  utilizing  the  results  of  the  experiments. 

I  wish  to  ask  the  author  if  he  thinks  the  coefficient  of  outflow 
is  affected  to  any  extent  by  the  thickness  of  the  plate  at  the  orifice. 
The  orifices  which  were  used  were  all  straight  bored ;  that  is,  the 
edge  of  the  plate  was  not  beveled.  The  orifice  is,  therefore,  really 
a  short  tube,  the  length  of  the  tube  being  the  thickness  of  the  plate, 
about  1-20  inch.  My  question  is  whether  beveling  of  the  edge  of 
plate  would  appreciably  affect  the  coefficient  of  discharge. 

Mr.  II.  H,  Suplee. — I  should  like  to  ask  Professor  Durley  if 
he  has  made  any  attempt  to  obtain  a  constant  coefficient  by  the 
use  of  fractional  exponents,  as  has  been  done  by  Tutton  and  others 
with  the  Chezy  formula  for  the  flow  of  water.  With  the  original 
form  of  the  Chezy  formula,  v  =  C  V  rs,  the  coefficient  C  was 
found  to  be  far  from  constant  By  changing  the  formula  to  die 
form :  V  =  C  r"  s°  and  determining  separate  values  for  the  ex- 
ponents m  and  n  it  has  been  found  possible  to  maintain  the  co- 
efficient C  practically  constant  for  the  whole  range  of  velocities, 
changing  it  only  for  surfaces  of  different  kinds.  In  practice  it 
has  been  found  that  the  formula  v  =  C  H  s  ♦  has  a  coefficient 
which  varies  only  with  the  changes  in  the  nature  of  the  surface 
of  the  pipe  or  conduit  and  not  with  the  velocities.  It  seems  as 
if  a  similar  method  applied  to  th§  valuable  experiments  of  Pro- 
fessor Durley  would  permit  of  the  computation,  by  graphical 
methods,  using  logaritlimically  ruled  paper,  or  otherwise,  of  ex- 
jH>nents  which  would  cause  the  coefficient  to  remain  constant  for 
the  flow  of  air  through  orifices. 

Mr.  Sanford  A.  Moss. — To  the  list  of  experiments  on  the  sub- 
ject which  Professor  Durley  gives  could  be  added  a  reference  to 
"  An  Exjxirimental  Determination  of  the  Coefficient  of  Discharge 
of  Air,"  American  Machinist,  August  10,  1905,  Volume  28,  page 
1J>3.  In  this  article  a  set  of  experiments  very  similar  to  those  of 
Professor  Durley  is  described,  and  the  theory  developed.  The 
work  was  done  with  an  orifice  with  a  well-rounded  approach,  with 
pressures  from  four  to  eight  pounds  per  square  inch  above  atmos- 
phere. The  result  obtained  was  a  value  for  the  coefficient  of 
discharge  of  0.942.  The  method  used  was  very  similar  to  that 
used  by  Professor  Durley. 
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Frof,  D.  S.  Jacobus. — ^My  experience  with  the  flow  of  steam 
shows  the  effect  of  one  orifice  on  the  other,  where  a  number 
are  placed  near  each  other  in  a  plate.  In  an  experiment,  the 
flow  of  steam  through  a  single  orifice  f  inch  in  diameter 
in  a  plate  placed  between  flanges  in  a  2-inch  pipe  was  com- 
pared with  that  obtained  with  six  oriflces  in  the  same  size 
plate.  The  diameter  of  the  orifices  was  f  inch,  and  the 
pressure  on  one  side  of  the  plate  was  maintained  at  147 
pounds  above  the  atmosphere,  and  on  the  other  side  at  105  pounds 
above  the  atmosphere.  The  flow  per  orifice  was  about  14  per  cent 
greater  with  the  plate  having  the  six  orifices  than  with  the  plate 
having  a  single  orifice.  The  pressure  on  the  low-pressure  side  of 
the  orifices  was  measured  at  some  little  distance  from  the  orifice 
plate,  in  order  to  avoid  a  reduction  of  pressure  which  was  found 
to  exist  near  the  plate. 

As  an  eddy  or  suction  action  at  an  orifice  may  affect  the  re- 
sult to  so  great  an  extent,  is  it  not  possible  that  the  size  of  the 
discharge  end  of  the  gauging  box  used  in  Prof.  Durley's  test  may 
have  affected  the  results?  If,  for  example,  a  shield  had  been 
placed  in  the  plane  of  the  orifice  at  the  discharge  end  of  the  box 
so  that  the  orifice  would  be  small  in  proportion  to  the  plane  sur- 
face in  which  it  was  placed,  might  not  the  results  have  been  some- 
what different?  If  such  is  the  case,  it  would  be  well  to  call  at- 
tention to  the  fact  in  order  to  make  sure  that  the  results  are  not 
wrongly  interpreted. 

Prof,  R,  J.  DurleyJ^ — In  replying  to  the  gentlemen  who  have 
been  kind  enough  to  discuss  this  paper,  I  should  like  to  say,  in 
connectioii  with  Mr.  Snow's  remarks,  that  I  have  done  a  good  deal 
of  work  in  endeavoring  to  measure  the  discharge  of  air  by  means 
of  Pitot  tubes,  and  the  results  have  not  been  encouraging.  I  have 
not  been  able  to  make  such  measurements  in  ordinary  air  ducts 
with  any  large  degree  of  success,  and  it  was  really  for  that  very 
reason  that  I  undertook  the  work  which  is  described  in  this  paper. 

It  seems  to  me  that  the  trouble  in  endeavoring  to  measure  air 
by  means  of  Pitot  tubes  arises  from  two  causes.  In  the  first  place, 
the  velocity  head  is  often  very  small — at  least,  when  dealing  with 
small  differences  of  pressure,  and  secondly,  it  is  extremely  difficult 
to  place  the  Pitot  tubes  in  such  positions  that  they  will  be  in  a 
steady,  uniform  stream  of  air,  free  from  eddies. 

Mr.  Snow  raised  a  point  about  the  location  of  the  pressure- 

*  Author's  closure  under  the  Rules. 
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gauging  tube  in  the  gauging  box,  and  I  may  say  that  we  tried 
many  positions  for  this  tube,  taking  care  in  each  case  that  the 
opening  on  the  inner  surface  of  the  box  was  flush  with  the  wood. 
We  couM  not  find  any  difference  in  the  indications  unless  the 
tube  wayplaced  too  close  to  the  inlet  or  outlet  The  water  gauge 
was  intended  to  show  the  static  pressure  in  the  box,  and  I  think 
really  that  it  did  so. 

In  regard  to  the  question  of  the  velocity  of  approach,  I  think 
for  practical  purposes  it  is  much  better  to  make  a  box  big  enough 
in  cross-section,  so  as  to  make  the  effect  of  that  velocity  negligible, 
than  to  endeavor  to  allow  for  the  velocity  of  approach. 

Mr,  Snow's  suggestion  as  to  the  use  of  a  number  of  two-inch 
orifices  would  no  doubt  be  correct  as  long  as  care  is  taken  not  to 
place  the  orifices  too  close  to  each  other  in  the  perforated  plates. 
In  using  an  orifice  in  a  thin  plate  of  this  kind,  the  influence  of 
the  stream  is  found  to  some  extent  on  the  inner  side  of  the  plate, 
and  it  is  probable  that  the  jets  on  the  outside  would  also  affect 
each  other  in  the  manner  described  by  Professor  Jacobus. 

Mr.  Kingsbury  discussed  the  variation  of  the  coefiicient  of  dis- 
charge with  various  sizes  of  orifice.  I  think  that  his  explanation 
is  the  correct  one,  and  that  such  variation  is  due  to  the  fact  that 
these  orifices  were  really  short  lengths  of  parallel  tube. 

When  trying  bevel-edge  orifices,  I  found  there  was  considerable 
difficulty  in  insuring  that  all  had  exactly  the  same  taper,  and  that 
*^he  edges  were  uniformly  thin,  and  that  the  openings  were  truly 
circular.  For  these  reasons  it  seemed  better  to  use  orifices  of  the 
form  described  in  the  paper,  and  I  am  unable  to  say  what  the 
coefficient  of  discharge  would  be  for  bevel-edge  orifices. 

Mr.  Siiplee's  suggestion  as  to  the  use  of  fractional  exponents  in 
tlie  expression  for  the  discharge  is  a  very  interesting  one.  It 
seems  questionable,  however,  whether  the  resulting  logarithmic 
diagrams  would  prove  more  convenient  for  practical  use  than  the 
curves  and  tables  of  the  paper. 
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THJi'   PRESSURE  DROP   THROUGH  POPPET  VALVEi^. 

BT  CHARLES  EDWARD  LUCRE,  NEW  TORK,   M.  T. 

(Associate  Member  of  the  Society.) 

1.  All  gas  engines,  most  air  compressors  and  ice  machines  and 
many  steam  engines,  are  fitted  with  poppet  valves  to  control  the 
fluid-flow  into  or  from  the  cylinders.  These  machines  operate  at 
widely  different  piston  speeds  and  use  fluids  of  widely  differing 
densities  with  consequent  varying  velocities  through  the  valves. 
The  pressure  drop  for  a  given  rate  of  flow,  however,  is  dependent 
upon  the  fluid  density,  as  well  as  its  velocity,  the  form  of  opening, 
the  form  of  approach  and  exit,  the  character  of  the  flow,  whether 
steady  or  intermittent,  the  inertia  of  the  fluid  and  the  friction  of 
the  passages.  Although  pressure  drop  through  the  valve  is  neces- 
sary to  secure  any  flow  whatever,  such  pressure  drop  is  detrimental 
to  the  machine,  causing,  as  it  does,  undesirable  piston  resistance 
and  reduced  volumetric  efficiency  of  the  cylinder.  Pressure  drop 
is  reduced  to  a  minimum  in  designing  by  allowing  proper  valve 
area  to  minimize  fluid  velocity,  but  too  large  a  poppet  valve  for  a 
given  gas,  or  too  large  a  lift  for  any  given  valve,  introduces  features 
of  design  equally  as  bad  as  too  small  a  valve  opening.  The  designer 
is  thus  forced  to  follow  a  middle  course  admitting  some  pressure 
drop  through  the  valve,  but  not  reducing  fluid  velocity  so  low  as  to 
require  valves  of  excessively  large  diameter  or  excessively  large 
lift.  To  design  such  a  valve  there  should  be  available  experi- 
mental data  on  the  relation  between  pressure  drop  and  the  con- 
ditions tending  to  produce  it,  because  it  cannot  be  calculated  on 
theoretic  grounds,  but  on  investigation  it  will  be  found  that  such 
information  is  unavailable. 

2.  The  tests  reported  here  had  for  their  object  the  determination 
of  some  such  experimental  data  on  the  relation  between  pressure 
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drop  through  a  poppet  valve  and  the  condition  of  flow,  form  of 
opening,  etc.,  that  give  rise  to  the  pressure  drop  observed.  For 
any  given  velocity  of  flow  the  pressure  drop  will  be  greatest  and 
most  easily  measured  with  a  less  dense  fluid;  for  this  reason 
atmospheric  air  was  used.  The  gas  engines  in  the  experimental 
laboratories  of  Columbia  University  have  poppet  valves:  with  flat 
and  conical  sets  and  are  operated  both  automatically  and  by  cams. 
These  valves  were  so  arranged  for  these  tests  as  to  allow  measured 
quantities  of  air  to  flow  both  steadily  and  intermittently  with 
various  valve  lifts  and  in  both  directions  through  the  valves.  The 
valve  lift  was  measured  by  one  special  attachment  for  the  tests 
made  on  the  engines  themselves  and  another  for  the  tests  on  the  de- 
tached valves  with  steady  flow.  The  air  was  measured  by  a  large 
Westinghouse  meter  and  all  pressure  drops  were  measured  in 
inches  of  water  on  a  manometer.  The  experimental  work  was 
carried  out  as  a  thesis  problem  by  t^yo  students  of  the  graduating 
class,  ^Ir.  R.  il.  Strong  and  Mr.  F.  W.  Hollman,  to  whom  proper 
credit  should  be  given. 

3.  The  flat,  seat  valve  used  was  one  from  a  Daimler  engine, 
1.58  inch  inside  diameter,  arranged  as  shown  in  Fig.  1.      For 


Fig.  1. 


sttmdy  flow  runs  it  was  held  open  by  small  copper  wedges  carefully 
ground  to  size,  three  being  used  at  a  time,  inserted  at  the  outside 
edge  of  the  valve  so  that  the  valve  opening  which  is  measured  by 
the  inside  edge  of  the  valve  would  not  be  restricted  by  the  wedges. 
These  wedges  were  of  such  size  as  to  allow  of  four  different  lifts, 
0.05,  0.10,  0.15  and  0.20  inches  respectively.     For  each  opening 
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that  the  valves  held  rigidly  between  the  valve  and  its  seat,  air  was 
blown  through  the  valve  at  varying  rates  with  varying  resulting 
pressure  drops  up  to  30  inches  of  water.  The  arrangement  of 
apparatus  for  carrying  out  this  part  of  the  work  is  shown  in  Figs. 
2  and  3.     Fig.  2  is  the  arrangement  used  when  the  direction  of 


flow  was  from  the  inside  to  out,  and  Fig.  3  is  the  arrangement  of 
both  directions  as  the  valve  fastening  here  is  reversible. 

4.  The  conical  seat  valves  were  furnished  by  a  Nash  gas  engine 
and  had  diameters  of  1^  and  2  inches.  The  small  valve  on  the 
engine  is  used  for  the  gas  inlet  and  the  larger  for  mixture  inlet. 
The  arrangement  for  steady  flow  runs  are  shown  in  Fig.  4. 

5.  Throughout  this  part  of  the  work  on  steady  flow  of  air,  the 
air  was  measured  before  it  reached  the  valve,  and  at  a  pressure 
higher  than  atmosphere,  pressure  drop  occurring  between  meter 
line  and  atmosphere  and  the  manometer  indicating  the  pressure 
drop,  as  shown  in  Fig.  5,  as  used.  Flow  of  air  from  inside  out  is 
equivalent  to  exhaust  stroke.     For  determining  the  readings  of 


THE    PBESSUBK  DEOP    THROUGH    POPPET    VALVES. 


235 


m 


Valve 


o 


Clamp^ 


S 


CO 


ICoiiomeC«r     V 


L± 


^ 


Wuher    i        \ 

I     ! 

J I 


ixr 


236 


THE   PBESSUKE   DROP    THROUGH    POPPET    VALVES. 


Fig.  4.— Nash  Gas  Valve. 
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the  meter  and  the  pressure  drop  for  the  conical  valve,  when  the 
flow  of  air  was  to  be  reversed ;  tliat  is  to  say,  in  the  exhaust  valve 
direction  the  entire  valve  and  piping,  as  shown  in  Fig.  4,  was  en- 
closed in  a  chamber,  and  air  was  supplied  to  this  chamber.     The 


Manometer 


Valre 


Source 


-=H 


Fio.  5. 


air  then  passed  through  the  valve  and  out  by  a  pipe  which  was 
used  as  a  suction  pipe  on  the  engine. 

6.  The  second  series  of  runs  was  made  with  the  valves  located  on 
the  engines  as  they  ordinarily  operate.  For  this  purpose  a  Daimler 
ongine  was  piped  to  a  meter  so  that  it  caused  a  slight  back  pressure. 
The  meter  therefore  measured  the  discharge  of  air  after  exhaust. 


I 


Fio.  6. 


The  ongine  was  then  driven  by  a  belt  from  a  steam  engine,  and 
runs  were  made  covering  a  range  of  speeds.  The  valve  being  auto- 
matic it  was  provided  with  stops  so  that  the  greatest  openings  cor- 
resjwnded  to  those  for  the  steady  flow  of  runs,  0.05,  0.10,  0.15  and 
0.20  inches.  The  actual  lifts  were  dra\^Ti  by  an  indicator,  the  pis- 
ton rod  being  fastened  to  the  valve  stem.     Pressure  drops  were 
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measured  by  indicators  on  the  cylinder  carrying  a  10-pound  spring. 
After  the  readings  for  this  valve  were  obtained  the  meter  jk)sition 
was  changed  so  that  the  engine  would  draw  air  through  the' meter 
before  it  reached  the  cylinder.  In  this  case  the  pressure  dtop  w$m 
from  atmosphere  to  something  below,  while  in  the  other  case  it 
was  from  something  above  atmosphere  to  something  less  but  still 


h-^^-1 


Fio.  7.— Piping  Lay-out  for  Daimler  Run8. 


above  atmosphere.  As  before,  the  engine  was  operated  at  a  number 
of  different  speeds  and  the  pressure  drop  through  the  exhaust  valve 
was  measured  by  the  10-pound  spring  indicator  on  the  motor  cyi^ 
inder. .  This  indicator  card  in  fact  gave  the  pressure  drop  through 
both  valve  courses  on  one  diagram.  The  exhaust  valve  on  this- 
engine  is  mechanically  opened  by  cams  so  that  no  stop  could  be 
used  to  adjust  the  openings  to  any  desired  limit.  The  actual  lift 
of  this  valve  was  measured  at  any  point  of  the  stroke  mechanically 
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by  causing  a  pencil  fastened  to  the  stem  to  draw  a  line  on  the  in- 
dicator drum  so  that  the  lift  is  given  for  every  point  of  the  stroke 
and  having  differing  actual  piston  speeds. 

7.  Intermittent  runs  were  also  made  on  the  Nash  engine,  on 
which  all  valves  are  mechanically  operated.  Here  the  valve  runs 
were  measured  as  on  the  exhaust  valves  of  the  Daimler  by  attach- 
ing a  pencil  to  the  valve  stem.  Pressure  drops  were  shown  as 
before,  on  the  10-pound  scale  indicator  card  from  the  motor  cyl- 
inder. There  were  two  inlet  valve  determinations.  First  for  the 
small  valve  used  on  the  engine  for  the  gas  inlet,  and  second  for 
the  larger  valve  controlling  the  mixture  admission  to  the  motor 
cylinder.  These  were  not  operated  together.  When  the  small  one 
was  being  used  the  large  one  was  held  open  and  the  air  pipe 
plugged.  When  the  large  one  was  being  used  the  small  one  was 
removed.  In  making  the  measurements  on  the  exhaust  valve  the 
air  for  the  engine,  instead  of  being  sent  through  the  air  pipe,  was 
taken  through  the  opening  left  by  the  removal  of  the  small  gas 
valve.  The  arrangement  for  this  Nash  engine  run  is  shown  in 
Figs.  8  and  9. 

8.  At  each  point  of  the  stroke  the  piston  speed  can  be  found 
from  the  following  table : 

Suction  Stroke  Completed.  Piston  Spee^  Factor. 

.0000  o.obo 

.0796  0.587 

12878  0.»54 

.5505  1.000 

.7878  0.778 

.9455  0.413 

1,0000  0.000 

Kxhaust  Stroke  Completed.  Piston  Speed  Factor. 

.0000  0.000 

.0543  0.413 

.2122  0.778 

.4495  1.000 

.7122  0.954 

.9204  0.587 

1.0000  0.000 

Actual  piston  speeds  are  to  be  found  for  any  revolutions  per  minute 
by  multiplying  linear  velocities  of  crank  pin  by  the  piston  speed 
factors  above.  The  Daimler  engine  had  a  bore  of  3  15-16  inches 
and  a  stroke  of  5  9-16  inches,  giving  a  crank  pin  velocity  of  145.0 
foet  per  minute  at  100  revolutions  per  minute. 

D.  The  Nash  engine  had  a  bore  of  6  J  inches  and  a  stroke  of  10 
inches,  giving  a  crank  pin  velocity  of  261.8  feet  per  minute  at  100 
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revolutions  per  minute.     Both  engines  had  connecting  rods  five 
cranks  long. 

10.  Valve  openings  are  computed  in  the  work  for  flat  seats  as 
the  product  of  the  circumference  of  the  inner  circle  and  valve  lift, 
and  for  conical  valves  as  by  the  formula : 

( 

A  =  —=  4-  -— ;=.    for  small  lifts. 
V2        2V2 

11.  The  first  runs  were  made  on  the  fiat-seated  Daimler  valve, 
with  a  steady  fiow  of  air  and  the  results  are  given  in  the  curves 
and  tables.  In  every  case  the  density  of  the  air  measured  by  the 
mdter  is  reduced  to  atmosphere  and  given  both  ways  in  the  tables. 
The  column  called  "  Theoretical  Velocity "  is  computed  on  air 
at  atmcfspheric  density  by  the  usual  formula  of  FV2yA.  The 
raiio  of  the  actual  velocity  to  the  theoretical  velocity  gives  what 
is  called  the  "  Co-efficient  of  Efflux,"  and  this  appears  for  atmos- 
phJBric  air  as  well  as  ifor  the  air  at  meter  density.  It  will  be  seen 
.from  the  tables  that  the  co-efficients  computed  in  this  way  are 
nearly  alike,  and  that  the  error  in  assuming  the  air  measured  by 
the  meter  to  be  not  very  different  from  the  atmospheric  air,  is  not 
great  and  the  difference  may  in  general  be  neglected.  In  the 
curves  between  the  pressure  drop  and  co-efficient  of  efflux  it  is  seen 
that  the  co-efficient  is  greatest  for  the  smallest  opening  and  least 
for  the  largest  opening.  On  the  assumption  of  gas  density  being 
that  of  the  higher  pressure  while  passing  through  the  valve,  it 
appears  from  theco-efecient  curves  that  the  greater  the  pressure 
drop  the  smaller  the  co-efficient ;  on  the  contrary,  when  the  density 
is  that  taken  for  atmospheric  pressure,  these  co-efficients  of  efflux 
seem  to  be  nearly  constant  for  all  pressure  drops.  The  exhaust 
flow,  or  rather  the  flow  in  the  opposite  direction  or  flowj  in  the 
exhaust  direction,  shows  the  results  that  seem  to  follow  similar 
laws  for  the  inlet,  but  the  velocity  and  the  co-efficients  were 
smaller.  The  errors  involved  in  the  work  are  not  greater  than 
one  per  cent,  for  the  meter  observations,  and  for  valve  area  com- 
putations on  the  flat  valve  may  be  neglected,  but  may  be  as  much 
as  ten  per  cent,  for  valve  area  computations  on  the  conical  valve, 
in  spite  of  all  care. 
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FLAT  SEAT  VALVE.     (Diameter  of  Opening  L58  inch.) 

Part  A-L     (Curves  Fig.  10.) 

(Valve  with  housing  as  in  Fig.  2.) 

Direction  of  Flow  from  Inside  to  Outside  of  Valve,  as  in  *' Inlet.". 

Table  L    Run  No.  |1  (A-1). 

Valve  fixed  at  0.05-inch  lift.    Area=>p.001722  sqilare  feet. 
Barometer=30.3  inches  Hg.   Average  temj^rature  of  Air=74  d^rees  Fahr^ 


Pressure 

Drop. 
^Inches  of 

Water.) 

Cubic  Feet 

of  Air 
per  Minute. 

Velocity. 
(Ft.  per  Mln.) 

Velocity 
corrected 

from  Curves. 

(Ft.  per  Min.) 

Theoretical 

Velocity  at 

72«Firtir, 

(Ft  per  "Min.) 

Co-efficient 

of  Efflux. 

(Air  at  Meter 

Density.> 

Coefficient 

of  Efflux. 

(Air  at 

Atmosi.heric 
Density.) 

1 

5.13 

■ 
2,980- 

:' 

i   4,020' 

.740 

.742 

2 

7.48 

4,340 

5,685 

.764 

.768 

3 

9.34 

5,420 

6,963 

.779 

.785 

f) 

12.37 

7,175 

'7,226 

8,990 

.804      . 

.810 

7 

14.72 

8,550 

8,600 

10,636 

.808 

.812 

10 

17.5 

10,160 

12,713 

.799 

.819 

15 

21.1 

12,250 

1*2,366 

15,570 

.790 

.820 

20 

24.0 

13,930 

17,978 

.775 

.815 

25 

26.4 

15,330 

20,100 

.763 

.812 

30 

28.5 

16,550 

22,019 

.750 

.808 

Table  2.    Run  No.  2  (A-1). 


Valve  fixed  at  0.10-inch  lift. 
Uarometer=30  inches  Hg. 


Area:=0.003444  square  feet. 

Average  temperature  of  Air  =  82  degrees  Fahr. 


Pressure 
Drop. 

('nbicFeet 

of  Air 
per  Minute. 

Velocity. 
(Ft.  per  Mln.) 

2,700 

Velocity 
corrected 

Theoretical 

Velocity  at 

72«  Fahr. 

(Fl.  per  Mln.) 

Coefficient 
of  EiUnx, 

Coefficient 

of  Efflux. 

(Air  at 

Atmospheric 

Density.) 

(Inches  of 

Water.) 

from  Curvei*. 
(Ft.  per  Mi«.) 

(Air  at  Meter 
Density.) 

1 

9.3 

4,020 

.671 

.673 

2 

13.31 

3,863 

5,685 

.680 

.683 

3 

16.4 

4,760 

6,963 

.685 

.690 

5 

21.1 

6,125 

8,990 

.681 

.689 

7 

24.79 

7,180 

7,220 

10,636 

.678 

.690 

10 

29.5 

8,550 



12,713 

.672 

.686 

15 

35.6 

10,250 

10,320 

15,570 

.664 

.689 

20 

40.0 

11,600 

11,700 

17,978 

.651 

.685 

25 

44.4 

12,880 

20,100 

.640 

.681 

30 

47.6 

13,810 

22,019 

.626 

.674 
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Table  3.    Run  No.  3  (A-1). 

Valve  fixed  at  0.15-inch  lift.    Area  of  opening  =  0.005166  square  feet. 
Barometer  =  29.77.    Average  temperature  of  Air  =  77  degrees  Fahr. 


Pressure 

Drop. 

(Inches  of 

Water.) 

Cable  Feet 

of  Air 
per  Minute. 

Velocity. 
(Ft.perMin.) 

Velocity 
corrected 

from  Curves. 

(Pt.perMin.) 

Theoretical 

Velocity  at 

72*  Pahr. 

(Pt.perMin.) 

Co-efficient 
of  Efflux. 

(Air  at  Meter 
Density.) 

Co-efficient 

of  Efflux. 

(Air  at 

DeMaty.) 

1 

13.47 

2,600 

4,020 

.647 

.649 

2 

18.93 

3,660 

5,685 

.644 

.647 

3 

23.00 

4,445 

6,963 

.638 

.643 

5 

29.50 

5,710 

8,990 

.635 

.643 

7 

34.70 

6,715 

10,636 

.631 

.642 

10 

41.10 

7,950 

12,713 

.624 

.640 

15 

50.00 

9,670 

9,520 

15,570 

.612 

.634 

Table  4.    Run  No.  4  (A-1). 

Valve  fixed  at  0.20-inch  lift.    Area  of  opening  =  0.006888  square  feet. 
Barometer  = .    Average  temperature  of  Air  =  75  degrees  Fahr. 


Pressure 
Drop. 

Cubic  Feet 

of  Air 
per  Minute. 

Velocity. 
(Ft.perMin.) 

Velocity 
correct<d 

Theoretical 

Velocity  at 

720  Fahr. 

(Ft.  per  Min.) 

Co  efficient 
of  Efflux. 

Co-efflcient 
of  Efflux. 
(Air  at 

Atmospheric 
DensTly.) 

(Inches  of 
Water.) 

ffom  Carves. 
(Ft.  per  Min.) 

(Air  at  Meter 
Density.) 

1 

16.9 

2,455 

4,020 

.610 

.612 

2 

23.62 

3,435 

5,685 

.603 

.606 

3 

29.28 

4,250 

6,963 

.610 

.615 

4 

33.3 

4,840 



8,040 

.602 

.608 

6 

40.28 

5,850 

9,847 

.595 

.604 

8 

46.00 

6,680 

11,370 

.588 

.600 
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Part  A-2.     (Curves  Fig.  11.) 

(Valve  without  housing  as  in  Fig.  3.) 

Direction  of  Flow  from  Inside  to  Outside  of  Valve  as  in  "Inlet." 

Table  5.    Run  No.  1  (A-2). 

Valve  fixed  at  0.05-inch  lift.    Area  of  opening  =  0.001722  square  feet. 
Barometer  29.65  inches  Hg.    Average  temperature  of  Air  =  73  degrees  Fahr. 


Pressure 

Drop. 
(Inches  of 

Cubic  Feet 
of  Air 

per  Minute. 

Velocity. 
(Ft.  perMin.) 

Velocity 

corrected 

from  Curves. 

Theoretical 

Velocity  at 

72«  Fahr. 

Coefficient 

of  Efflux. 

(Air  at  Meter 

Coefficient 

of  Bfflax. 

(Air  at 

Atmospheric 

Density.) 

Water.) 

(Ft.  perMin.) 

(Ft.  perMin.) 

Density.) 

1 

5.48 

3,180 

4,020 

.790 

.792 

2 

7.79 

4,520 

5,685 

.796 

.800 

3 

9.41 

5,460 

5,666 

6,963 

.805 

.811 

5 

12.53 

7,275 

8,989 

.808 

.819 

7 

14.79 

8,590 

10,636 

.808 

.823 

10 

17.6 

10,210 

12,713 

.803 

.824 

15 

21.25 

12,340 

15,570 

.794 

.825 

20 

23.25 

13,540 

i'4,i66 

17,978 

.784 

.824 

25 

25.98 

15,070 

15,550 

20,100 

.774 

.823 

30 

28.18 

16,340 

16,810 

22,019 

.764 

.822 

Table  6.    Run  No.  2  (A-2). 


Valve  fixed  at  0  10-inch  lift. 
Barometer  =  29.81  inches  Hg. 


Area  of  opening  =  0.003444  square  feet. 
Average  temperature  of  Air  =  76  degrees  Fahr. 


Pregsure 
Drop. 

Cubic  Feet 

of  Air 
per  Minute. 

Velocity. 
(Ft.  per  A! in.) 

Velocity 
corrected 

Theoretical 

Velocity  at 

72?  Fahr. 

(Ft.  per  Min.) 

Coefficient 
of  Efflux. 

Coefficient 

of  Effiux. 

(Air  at 

Atmospheric 

Density.) 

(Inches  of 
Water.) 

from  Cur\'es. 
(Ft.  per  Min.) 

(Air  at  Meter 
Density.) 

1 

9.49 

2,750 

4,020 

.684 

.686 

2 

13.18 

3,820 

6,100 

.672 

.676 

3 

16.05 

4,660 

*4,7i6 



.677 

.682 

5 

21.72 

6,290 

6,100 

8,990 

.679 

.683 

7 

24.3 

7,050 

7,150 

10,636 

.672 

.684 

10 

28.83 

8,370 

8,480 

12,713 

.667 

.684 

15 

a5.40 

10,280 

10,220 

15,570 

.658 

.683 

20 

40.00 

11,600 

11,650 

17,778 

.648 

.681 

25 

44.40 

12,880 

20,100 

.640 

.681 
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Table  7.     Run  No.  3  (A-2). 

Valve  fixed  at  0.15-inch  lift.     Area  =  0.005166  square  feet. 

Barometer  30.3  inches  Hg.     Average  temperature  of  Air  =  77  degrees  Fahr. 


Prespore 
Dmp. 

Cubic  Feet 

of  Air 
per  Minnte. 

Velocity. 
(Ft.  per  Min.) 

Velocity 
corrected 

Theoretical 
Velocity  at 
T^''  Fahr. 

CoefHcient 
of  Efflnx. 

Coefficient 

of  Efflaz. 

(Air  at 

Atmospheric 

Denttlty.) 

(Inches  of 

from  Cnrvee. 

(Air  at  Meter 

Water.) 

(Ft.  per  Min.) 

(Ft  per  Min.) 
4,020 

Density.) 

1 

12.92 

2,500 

2,450 

.609 

.611 

2 

17.9 

3,461 

5,685 

.609 

.612 

3 

21.70 

4,200 

6,963 

.603 

.608 

5 

27.95 

5,410 

8,990 

.602 

.609 

7 

32.95 

6,375 

10,636 

.600 

.610 

10 

38.9 

7,525 

12,713 

.592 

.607 

12 

41.85 

8,099 

'8,i56 

13,926 

.585 

.603 

Table  8.     Run  No.  4  (A-2). 

Valve  fixed  at  0.20-inch  lift.     Area  of  opening  =  0.006888  square  feet. 
Barometer  30.25  inches  Hg.     Average  temperature  of  Air  =  75  degrees  Fahr. 


I*res8ure 

Drop. 
(Inches  of 

Cubic  Feet 

of  Air 
per  Minute. 

Velocity. 
(Ft.  per  Min.) 

Velocity 

corrected 

from  Curves. 

Theoretical 

Velocity  at 

ra"  Fahr. 

Coefficient 

of  Efflnx. 

(Air  at  Meter 

Coefflcieut 

of  Efflux. 

(Air  at 

Atmospheric 

Density.) 

Water.) 

(Ft.  per  Min.) 

(Ft.  per  Min.) 
4,020 

Density.) 

1 

14.88 

2,160 

.537 

.538 

2 

21.05 

3,060 

5,685 

.539 

.542 

3 

25.8 

3,750 

6,963 

.539 

.543 

4 

29.95 

4,350 

8,040 

.541 

.546 

6 

36.3 

5,270 

9,847 

.536 

.544 

8 

41.8 

6,070 

11,370 

.534 

.545 

Part  B.     (Curves  Fig.  12.) 

(Valve  without  housing  as  in  Fig.  3.) 

Direction  op  Flow  from  Outside  to  Inside  of  Valve  as  in  Exhaust. 

Table  9.     Run  No.  1  (B). 

Valve  fixed  at  0.05-inch  lift.     Area  of  opening  =  0.(X)1722  square  feet. 
Barometer  30  inches  Hg.    Average  temperature  of  Air  =  80  degrees  Fahr. 


Pressure 
Drop. 

Cubic  Feet 

of  Air 
per  Minute. 

Velocity. 
(Ft.  per  Min.) 

Velocity 
corrected 

Theoretical 

Velocity  at 

72°  Fahr. 

(Ft.  per  Min.) 

Coefficient 
of  Efflux. 

Coefficient 

of  Efflux. 

(Air  at 

Atmospheric 

Density.) 

(Inches  of 

Water.) 

from  Curves. 
(Ft.  per  Min.) 

(Air  at  Meter 
Density.) 

1 

5.29 

3,070 

2,900 

4,020 

.72 

.722 

2 

7.39 

4,290 

5,685 

.756 

.760 

3 

9.29 

5,390 

6,963 

.773 

.778 

5 

12.00 

6,970 

7,666 

8,990 

.778 

.788 

7 

13.85 

8,004 

10,636 

.752 

.769 

10 

16.94 

9,840 

12,713 

.773 

.793 

15 

20.53 

11,900 

15,570 

.765 

.794 

20 

23.30 

13,520 

17,918 

.753 

.792 

25 

25.58 

14,810 

1*4,926 

20,100 

.743 

.791 

30 

27.80 

16,120 

22,019 

.732 

.808 
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Table  10.    Run  No.  2  (B). 


Valve  fixed  at  0.10-inch  lift. 
Barometer  29.89  inches  Hg. 


Area  of  opening  =  0.003444  square  feet. 
Average  temperature  of  Air  =  81  degrees  Fahr. 


Pressore 
Drop. 

Cable  Feet 

of  Air 
per  Minote. 

Velocity. 
(Pt.perMin.) 

Velocity 
corrected 

Theoretical 

Velocity  at 

78«»  Fahr. 

(Ft.  per  Mln.) 

Coefficient 
of  Efflux. 

Coefflciect 

of  Efflux. 

(Air  at 

Atmospheric 

Density.) 

(Inches  of 
Water.) 

from  Curves. 
(Ft.  per  M In.) 

(Air  at  Meter 
Density.) 

1 

8.08 

2,345 

4,020 

.584 

.585 

2 

11.54 

3,350 

5,685 

.590 

.593 

3 

14.03 

4,080 

6,963 

.586 

.590 

5 

18.23 

5,300 

8,990 

.590 

.598 

7 

21.50 

6,240 

10,636 

.586 

.597 

10 

25.70 

7,460 

12,713 

.586 

.601 

15 

31.20 

9,060 

15,570 

.582 

.604 

20 

35.70 

10,380 

10,300 

17,978 

.573 

.602 

25 

39.30 

11,400 

20,100 

.568 

.604 

30 

42.70 

12,400 

22,019 

.563 

.607 

Table  11.     Run  No.  3  (B). 

Valve  fixed  at  0.15-inch  lift.     Area  of  opening  =  0.005166. 

Barometer  =  30.20  inches  Hg.    Average  temperature  of  Air  =  75  degrees  Fahr. 


Pressure 

Drop. 
(Inchei*  of 

Cubic  Feet 
of  Air 

ner  TMinut(» 

Velocity. 
(Ft.  per  Mln.) 

Velocity 

corrected 

from  Curves. 

Theoretical 
Velocity  at 
72»  Fuhr. 

Coefficient 

of  Efflux. 

(Air  at  Meter 

Coefficient 

of  Efflux. 

(Air  at 

Water.) 

(Ft.  per  Mln.) 

(FtperMin.) 

Density.) 

Density.) 

1 

11.31 

2,190 

4,020 

.544 

.545 

2 

15.88 

3,070 

5,685 

.540 

.543 

3 

19.38 

3,750 

6,963 

.539 

.543 

5 

24.70 

4,780 

'4,800 

8,990 

.534 

.541 

7 

29.28 

5,670 

10,636 

.533 

.543 

10 

35.10 

6,800 

6,750 

12,713 

.532 

.546 

15 

41.20 

7,970 

8,120 

15,570 

.522 

.542 

20 

47.65 

7,220 

17,978 

.514 

.540 

Table  12.     Run  No.  4  (B). 

Valve  fixed  at  0.20-inch  opening.     Area  of  opening  =  0.006888  square  feet. 
Barometer  =  30.20  inches  Hg.    Average  temperature  of  Air  =  74  degrees  Fahr. 


PreMure 

Cubic  Feet 

Velocity 

Theoretical 

Coefficient 

Coefflclent 

Prop. 

of  Air 
per  Minute. 

Velocity. 
(Ft.  per  Mln. 

corrected 

Velocity  at 
T5J«  Fahr. 

of  Efflux. 

(Air  St 

Atmospheric 

Density.) 

(In<*bcs  of 

from  Curves. 

(Air  at  Meter 

Water.) 

i(Ft.  perMln.) 

1 

(Ft.  per  Mln.) 

Density.) 
.503 

1 

14.07 

2,022 

1 

4.020 

.504 

2 

19.48 

2.822 

5,685 

.497 

.499 

3 

23.75 

3,450 

0,903 

.495 

.499 

4 

27.3 

3,965 

8,040 

.494 

.499 

0 

33  35 

4,840 

9,847 

.492 

.499 

8 

38.28 

5,560 

11.370 

.490 

..500 

10 

42.75 

6,210 

1 

12.713 

.488 

.500 

12 

46.00 

6,680 

1         

13,926 

.479 

.494 

15 

51.00 

7,410 

1 

1         

15,570 

.477 

.495 
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12.  The  second  series  of  runs  was  made  on  steady  flow  from 
conical  valves  and  velocities  were  computed  as  explained. 


CONICAL  SEAT  VALVES. 

(Diameter  of  opening  =  L5  inches.) 

Direction  of  Flow  from  Inside  to  Outside  of  Valve  as  in  "Inlet." 

Table  13.    Run  1  (A)      (Curves  Fig.  13.) 

Valve  fixed  at  0.05-inch  lift.    Area  of  opening  =  0.001351  square  feet. 
Barometer  30.00  inches  Hg.     Average  temperature  of  Air  =  77  degrees  Fahr. 


Proware 
Drop 

Cubic  Fiwt 
of  Air 

Vplocity. 

(Ft.  jwr 

Mln.) 

Vetwlty 

Ttieoi^tfcal 

Vt'lociry  al 

7S*  Ffthr. 

(Ft.  ptr  Mln.) 

of  EOIdx. 

Cotfflcknt 

of  Efflux. 

(All  at 

AUnofpherlc 

Deniky.) 

{Inctm  at 
Water.) 

Tmm  Curve*. 
CFkperMin.) 

(Atr  at  Mtter 
Deuwitjr.) 

I 

4,21 

3,1€0 

4,(K20 

.786 

.788 

2 

e.30 

4,660 

4,460 

5,685 

.820 

.824 

4 

9.41 

6,960 

8,040 

.S66 

.875 

6 

11.75 

8,690 

9,847 

.884 

.897 

ft 

U.50 

10,720 

12,060 

.S90 

.910 

12 

16. SO 

12,430 

13,926 

.893 

.919 

15 

18.75 

13.880 

15,570 

.890 

.923 

20 

21.60  , 

16,990 



17,978 

.889 

.935 

25 

23.95 

17J10 

20,100 

.882 

.938 

30 

20.00 

19,230 

22,019 

.873 

.940 

2 )  inches  Hg. 

27.65 

20^2.50 

23,420 

.864 

3    inches  Hg. 

30.00 

22,200 

25.370 

.875 

aiincheeHg. 

31.80 

23,530 

27,720 

.849 

4    inches  Fig. 

33.5 

24,800 

29,630 

.836 

5    inches  Hg. 

36. S 

27,210 

33,130 

.823 

6  inches  Hg. 

38.7 

2S,fl20 

36,302 

.789 

Table  14.    Run  No.  2  (A). 

Valve  fixed  at  0.10-mch  lift    Area  of  opening  =  0.002391  square  feet. 
Barometer  =  29.93  inches  Hg.     Average  temperature  of  Air  =  80  degrees  Fahr. 


Pre^iurv 

l>n>p. 

(Itirheii  of 

Water.) 

Cubic  Feet 

of  Air 
pfr  Minnte. 

9.19 

Velocity. 
(Ft.  |)er  Mill.) 

Velocity 
corrected 

from  Curves. 

(Ft.  per  M in.) 

Theoretical 

Velwity  at 

?.>«  Fufir. 

(PH.  per  Mill.) 

4,020 

Cocfflcient 

of  Eflliix. 

(Air  at  Meter 

Dennlty.) 

.925 

Coefficient 

of  Efflux. 

(Air  at 

Atmospheric 

Dennlty.) 

1 

3,841 

.927 

2 

13.20 

5,520 

5,685 

.972 

.977 

3 

16.44 

6,875 

6,963 

.984 

.991 

5 

21.40 

8,9.50 

8,850 

8,990 

.985 

.998 

9 

29.00 

12  120 

12,000 

12,060 

.994 

1.013 

14 

35.68 

15,400 

14,800 

15,042 

.984 

1.019 

20 

42.20 

17,650 

17,978 

.982 

1.033 

25 

46.50 

19,450 

20,100 

.968 

1.030 

.30 

50.20 

• 

21,000 

22,019 

.954 

1.027 
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Table  15.    Run  No.  3  (A). 


Valve  fixed  at  0.15-inch  lift. 
Barometer  =  30.17  inches  Hg. 


Area  of  opening  =  0.00364  square  feet. 
Average  temperature  of  Air  =  76  degrees  Fahr. 


Prcennre 
Drop. 

Cubic  Feet 

of  Air 
per  Minute. 

Velocity. 
(Ft.  per  Min.) 

Velocity 
corrected 

Theoretical 
Velocity  at 
T2»  Fahr. 

Coefficient 
of  Efflux. 

Coefficient 
of  Efflux. 

(Inches  of 

from  Curves. 

(Air  at  Meter 

Atmosphiric 
Density.) 

Water.) 

(Ft.  per  Min.) 

(Ft.  per  Min.) 

Density.) 

1 

13.68 

3,755 

4,020 

.935 

.931 

2 

19.45 

5,340 

5,685 

.940 

.945 

3 

23.80 

6,540 



6,963 

.940 

.947 

4 

27.40 

7,525 

7,600 

8,084 

.940 

.949 

6 

33.85 

9,300 

9,847 

.945 

.959 

8 

38.85 

10,680 

11,370 

.940 

.959 

10 

42.40 

11,650 

11,850 

12,713 

.932 

.956 

13 

48.60 

13,350 

13,400 

14,494 

.926 

.957 

15 

52.00 

14,280 

14,300 

15,570 

.919 

.954 

Valve  fixed  at  0.20-inch  lift. 
Barometer  =  30.17  inches  Hg. 


Table  16.    Run  No.  4  (A). 

Area  of  opening  =  0.00494  square  feet. 


Average  temperature  of  Air  =  78  degrees  Fahr. 


Prt'ppure 

Cubic  Feet 

of  Air 
per  Minute. 

Velocity 

Theoretical 

Coefficient 

Drop. 

Vel«>city. 
(Ft.  per  Min.) 

corrected 

Velocity  at 
72"  Fahr. 

of  Efflux. 

(Inches  of 

from  Curves. 

(Air  at  Meter 

Water.) 

(Ft.  per  Min.) 

(Ft.  per  Min.) 
4,020 

Density.) 

1 

17.3 

3,500 

.870 

2 

24.25 

4.910 

5,685 

.864 

3 

29.50 

5,970 

6,963 

.8.57 

4 

33.  a5 

6.850 

8.040 

.853 

6 

41.50 

8,400 

9.844 

.854 

8 

47.05 

9,520 

11,370 

.838 

10 

52.60 

10,650 

12,713 

.838 

Coefficient 

of  Bfflox. 

(Air  At 

Atmospheric 

Density.) 


.872 
.868 
.864 
.861 
.867 
.855 
.859 
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CONICAL  SEAT  VALVE. 
Part  B. 
(Valve  with  housing  as  in  Fig.  4.) 
Direction  of  Flow  from  Outside  to  Inside  of  Valve  as  in  "Exhaust." 
Table  17.   Run  No.  1  (B).     (Curves  Fig.  15.) 

Valve  fixed  at  0.05-inch  lift.    Area  of  opening  =  0.001351  square  feet. 
Barometer  =  29.69  inches  Hg.    Average  temperature  of  Air  =  77  degrees  Fahr. 


Pressnre 

Drop. 
(Inches  of 

Cable  Feet 

of  Air 
per  Minnie. 

Velocity. 
(Pt.  per  Min.) 

Velocity 

corrected 

from  Curves. 

Theoretical 
Velocity  at 
?2*»  Fahr. 

Coefficient 

of  Efflux. 

(Air  at  Meter 

Coefficient 

of  Efflux. 

(Air  at 

Atmospheric 

Density.) 

Water.) 

(Pt.  per  Min.) 

(Pt.  per  Min.) 

Density.) 

1 

3.88 

2,870 

2,900 

4,020 

.721 

.723 

2 

5.77 

4,270 

5,685 

.752 

.756 

3 

7.15 

5,280 

6,963 

.758 

.764 

5 

9.40 

6,960 



8,990 

.784 

.794 

7 

11.22 

8,300 

8,200 

10,636 

.771 

.785 

10 

13.48 

9,960 

9,880 

12,713 

.776 

.796 

12 

14.75 

10,910 

10,800 

13,926 

.775 

.799 

15 

16.40 

12,120 

15,570 

.779 

.809 

20 

18.94 

14,100 

13,950 

17,978 

.777 

.817 

25 

20.92 

15,470 

15,580 

20,100 

.775 

.825 

30 

22.85 

16,910 

22,019 

.767 

.827 

Valve  fixed  at  0.10-inch  lift. 
Barometer  =  29.81  inches  Hg, 


Table  18.    Run  No.  2  (B). 

Area  of  opening  =  0.002391  square  feet. 


Average  temperature  of  Air  =  77  degrees  Fahr. 


Prcpsnre 
Drop. 

Cubic  Feet 

Velocity. 
(Ft  iMjr  Min.) 

Velocity 
corrected 

Theoretical 

Velocity  at 

72°  Fahr. 

(Ft.  per  Min.) 

Coefficient 
of  Efflux. 

Coefficient 

of  Efflux. 

(Air  at 

Atmospheric 

Density.) 

(Inches  of 
Wuler.) 

per  Minute. 

from  Curve?. 
(Ft.  per  Min.) 

(Air  at  Meter 
Density.) 

1 

8.56 

3,580 

4,020 

.891 

.893 

2 

12.18 

5,080 

5,685 

.894 

.898 

3 

14.92 

6,250 

6,963 

.898 

.907 

5 

19.49 

8,150 

8,990 

.906 

.918 

7 

22.82 

9,560 

10,636 

.899 

.915 

10 

27.21 

11,380 

12,715 

.894 

.917 

15 

33.18 

13,880 

15,570 

.891 

.925 

20 

37.68 

15,780 

17,978 

.878 

.923 

25 

41.30 

17,290 

1*7,466 

20,100 

.865 

.920 

30 

44.30 

18,550 

18,800 

22,019 

.855 

.922 
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Table  19.     Run  No.  3  (B). 

Valve  fixed  at  0.15-inch  lift.     Area  of  opening  =  0.00364  square  feet. 
Barometer  =  29.84  inches  Hg.     Average  temperature  of  Air=. 


Pressure 

Drop. 

'Inches  of 

Water.) 


1 

2 

3 

5 

7 

10 

15 

20 


Cubic  Feet 

of  Air 
per  Minute. 


12.83 
17.90 
22.00 
28.39 
33.32 
39.38 
46.70 
53.85 


Velocity. 

Velocity 
corrected 

Theoretical 
Velocity  at 
72«>  Fahr. 

Co-efficient 
of  Efflux. 

Co-efficient 

of  Efflux. 

(Air  at 

Atmospheric 

Density.) 

(Ft.  per  M in.) 

from  Curves. 

(Air  at  Meter 

(Ft.  per  Mln.) 

(Ft.  per  Min.) 

Densiiy.) 

3,525 

4,020 

.878 

.880 

4,920 

5,685 

.866 

.870 

6,040 

6,963 

.867 

.873 

7,780 

8,990 

.867 

.878 

9,120 

10,636 

.857 

.872 

10,800 

12,713 

.849 

.871 

12,820 

13,666 

15,570 

.835 

.867 

14,800 

17,978 

.824 

.866 

Table  20.     Run  No.  4  (B). 

Valve  set  at  0.20-inch  lift.     Area  of  opening  =  0.00494  square  feet. 
Barometer .     Average  temperature  of  Air  =  82  degrees  Fahr. 


Pressure 
Drop. 

Cubic  Feet 

of  Air 
per  Minute. 

Velocity. 
(Ft.  per  Min.) 

Velocity 
corrected 

Theoretical 
Velocity  at 
72«>  Fahr. 

Coefficient 
of  Efflux. 

Co-efflcient 

of  Efflux. 

(Air  at 

Atmospheric 

Density.) 

(Inches  of 

from  Curves. 

(Air  at  Meter 

Water.) 

(Ft.  per  Min.) 

(Ft.  per  Min.) 

Density.) 

1 

15.51 

3,140 

4,020 

.780 

.782 

2 

21.9 

4,430 

5,686 

.780 

.784 

3 

24.4 

4,940 

'5,366 

6,963 

.760 

.766 

5 

34.40 

6,960 

8,990 

.775 

.785 

7 

40.25 

8,150 

10,636 

.766 

.780 

10 

47.25 

9,560 

12,713 

.751 

.770 

12 

50.85 

10,290 

13,926 

.738 

.761 

13.  To  most  effectively  obtain  the  co-efficient  of  efflux  and  their 
variations  with  conditions  they  are  plotted  in  two  sets,  Fig.  16 
for  flat  valves  and  Fig.  17  for  conical. 


INTERMITTENT    FLOW. 


14.  As  actually  used  in  the  engine  the  detrimental  effect  of 
suction  pressure  drop  is  first  lost  work  measured  by  the  mean 
suction  pressure  taken  by  the  planometer  from  the  pressure  drop 
diagram,  and  second  a  lost  volume  or  decreased  volumetric  cyl- 
inder efficiency  shown  by  the  fraction  of  stroke  at  which  the  com- 


THE    PBBSSUBK    DROP    TIIKOUGH    POPPET    VALVES. 


257 


258 


THE    PRESSURE   DROP    THROUGH    POPPET    VALVES. 


II 


-3 
> 


i-t 


^nijja  JO 


inoiooBiaoO 


THB    PBESSUBE    DBOP   THEOUQH    POPPBT    VALVES. 


259 


260 


THE   PBESSUBE   DBOP   THBOUOH    POPPET    VAI,V£S. 


<    a 


s 


2 

1 


O 

a 


c 


2 

Q 

s 

9 


xnuja  JO  q  uofOdQidOO 


THE    PRESSURS   DROP    THROUGH    POPPET    VALVES. 


261 


pression  line  crosses  atmosphere.     The  values  for  these  are  given 
in  the  tables. 

Similarly  for  exhaust  or  discharge  the  first  effect  is  one  of  re- 
sistance measured  by  the  mean  pressure  above  atmosphere  on  the 
pressure  drop  diagram.  In  gas  engines,  however,  the  terminal 
exhaust  pressure  measures  the  dilution  of  fresh  charge  by  hot 
burnt  gases.     This  is  also  given  from  the  indicator  cards. 


INTERMITTENT  FLOW.     (Flat  Seat    Inlet  Valve.    Daimler  Engine.) 

Table  21.    Run  No.  1  (A). 
Maximum  inlet  valve  lift  0.05.    Average  temperature  of  air  =  77  degrees  Fahr. 


R.  P.  M. 

Cubic  Feet  of  Air 

Piston  Displace- 

Per  Cent,  lost 

Mean  Resistance 

pumped  per  Min. 

(Cu.  Ft.  per  Min.) 

Volume. 

to  Suction. 

150 

2.72 

2.94 

7.50 

.71 

200 

3.53 

3.92 

9.95 

1.06 

250 

4.23 

4.90 

13.68 

1.22 

300 

5.40 

5.88 

8.17 

1.54 

350 

6.21 

6.86 

9.48 

2. 

400 

7.10 

7.84 

9.44 

2.42 

450 

8.06 

8.82 

8.62 

2.75 

500 

8.95 

9.80 

8.68 

3.08 

575 

9.90 

11.25 

12.00 

3.4 

Valve  lift  and  pressure  drop  diagrams,  Figs.  18  to  26. 


Valve  Lift  Diagram 


Pressure  Drop  Diagraui 
0.05 '  Max.  Lift 
150R.P.M. 


FiQ.  18. 
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Pressure  Drop  Diagram 

0,05-Inch  Max.  Lift 

200  R.P.M. 

Fig.  19. 


Pressure  Drop  Diagram 

0.05-incli  Max.  Lift 

250  R.P.M. 


Fig.  20. 


Pressure  Drop  Diagram 
0.05-incli  Max.  Lift 
300  R.P.M. 
Ftg.  2L 


THE    PRESSUBE    DROP    THROUGH    POPPET    VALVES.  263 


Pressure  Drop  Diagram 

0.05-inch  Max.  Lift 

850  R.P.M. 


Fig.  22. 


Pressure  Drop  Diagram 
0.05-Inch  Max.  Lift 
400  R.P.M. 
Fig.  23. 


Pressure  Drop  Diagram 

0.05-inch  Max.  Lift 

450  R.P.M. 


Fig.  24. 
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Pressure  Drop  Diagram 

0.05.inch  Max.  Lift 

475  R.P.M. 


Fig.   25. 


Valve  Lift  Diagram 


Pressure  Drop  Diagmm 
O.Oo-incb  Max.  Lift 
575  R.P.M. 
Fig.  26. 


LNTERMITTENT  FLOW.    (Flat  Seat  Inlet  Valve.    Daimler  Engine.) 

Table  22.     Run  No.  2  (A). 

Maximum  inlet  valve  lift  0.10.     Average  temperature  of  air  =  77  degrees  Fahr. 


R.  P.  M. 

Cubic  Feet  of  Air 
pumped  per  M in. 

Piston  Displace- 
ment. 
(Cu.  Ft.  per  Min.) 

Per  Cent,  lost 
Volume. 

Mean  Resistance 
to  Suction, 
lb.  sq.  inch. 

150 

2.60 

2.94 

8.65 

.62 

200 

3.53 

3.92 

9.96 

.92 

250 

4.49 

4.90 

8.37 

1. 

300 

5.48 

5.88 

6.71 

1.08 

350 

6.59 

6.86 

3.94 

1.22 

400 

7.20 

7.84 

8.17 

1.46 

450 

8.58 

8.82 

2.72 

1.81 

500 

9.40 

9.80 

4.07 

2.05 

550 

10.52 

10.78 

2.06 

2.14 

Valve  lifts  and  pressure  drop  diagrams  are  shown  in  Figs.  27  to  36. 
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Pressure  Drop  DiaKf<^ii^ 
0.10-inch  Max.  Lift 
160  R.P.M. 
Fio.  27. 


Pressure  Drop  Diagram 

0.10  iuch  Max.  Lift 

200  R.P.M. 


Fio.  28. 


Piessure  Drop  Diagram 

O.lO.inch  Max.  Lift 

250  H  P.M. 


Fio.  29. 
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Pressure  Drop  Diagram 

0.10-inch  Max.  Lift 

800  R.P.M. 


Fio.  30. 


Valve  Lift  Diagram 


Pressnre  Drop  Diagram 

O.lO-inch  Max.  Lift 

350  R.P.M. 


Fig.  31. 


Pressure  Drop  Diagram 
O.lOinch  Max.  Lift 
380  R. P.M. 


Fig.  32. 
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Pressnre  Drop  Diagram 

0.10-incli  Max.  Lift 

400  R.P.M. 


Fig.  33. 


Valyc  Lift  Diagram 


Pressare  Drop  Diagram 
O.lO-inch  Max.  Uft 
450  R.P.M. 


Fig.  34. 


Valve  Lift  Diagram 


Pressure  Drop  Diagram 
O.lO-inch  Max.  Lift 
600  R.P.M. 


Fig.  85. 
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Valve  Lift  Diagram  '^^       ' — ^ 


-i_ 


Pressure  Drop  Diagram 
O.lOinch  Max.  Lift 
565  R. P.M. 
Fig.  36. 

INTERMITTENT  FLOW 
Table  23.     Run  No.  3  (A).     (Flat   Seat  Inlet  Valve.    Daimler  Engine.) 
Maximum  inlet  valve  lift  0.15.      Average  temperature  of  air  =  79  degrees  Fahr. 


Speed  R.  P.  M. 

Cubic  Feet  of  Air 
pumped  per  M in. 

Piston  Displace- 
ment. 
(Cn.Ft.  perMin.) 

Per  Cent,  loat 
Volnme. 

toSaction. 
lb.  eq.  inch. 

150 

2.85 

2.94 

3.06 

.68 

200 

2.79 

3.92 

3.32 

.93 

250 

4.57 

4.90 

6.73 

.96 

300 

5.60 

5.88 

4.76 

1.08 

350 

6.45 

6.86 

5.98 

1.16 

400 

7.54 

7.84 

3.83 

1.29 

450 

8.26 

8.82 

6.44 

1.35 

500 

9.50 

9.80 

3.06 

1.55 

560 

10.38 

10.98 

5.47 

2.05 

Valve  lift  and  pressure  drop  diagrams  are  shown  in  Figs.  37  to  45. 


Valve  Lift  Diagram 


Pressure  Drop  Diagram 

0.15-inch  Max.  Lift 

150  R.P.M. 


Fig.  37. 
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Valve  Lift  Diagram 


Pressure  Drop  Diagram 

0.15-inch  Max.  Lift 

200  R.P.M. 


Fig.  88. 


Valve  Lift  Diagram 


Pressure  Drop  Diagram 

0.16-incli  Max.  Lift 

250  R.P.M. 


Fig.  30. 


Valve  Lift  Diagram 


Pressure  Drop  Diagram 

0.15  inch  Max.  Lift 

aOOR.P.M. 


Fig.  40. 
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Valve  Lift  Diagram 


Pressure  Drop  Diagram 

0.15-inch  Max.  Lift 

350  R.P.M. 


Fig.  41. 


Valve  Lift  Diagram 


Pressure  Drop  Diagram 

O.lS-inch  Max.  Lift 

400  R.P.M. 


Fig.  42. 


Valve  Lift  Diagram 


Pressure  Drop  Diagram 

0.15-inch  Max.  Lift 

450  R.P.M. 


Fig.  43. 
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Pressure  Drop  Diagram 

0.15-inch  Max.  Lift 

500  R.P.M. 


Fig.  44. 


Valve  Lift  Diagram 


Pressure  Drop  Diagram 

0.15  inch  Max.  Lift 

500  R.P.M. 


Fig.  45. 


INTERMITTENT  FLOW 

Table  24.  Run  No.  4  (A).  (Flat  Seat  Inlet  Valve.  Daimler  Engine.) 

Maximum  inlet  valve  lift  =  0.20.  Average  temperature  of  air  =  81  degrees  Fahr. 


Speed  R.  P.  M. 

Cubic  Fet't  of  Air 
pumped  per  Min. 

PiBton  DiBplace- 
ment. 

Per  Cent,  lost 
Volume. 

'Mean  ReeisUnce 
to  Suction, 
lb.  sq.  inch. 

150 

2.66 

2.94 

9.53 

.55 

200 

3.56 

3.92 

9.18 

.72 

250 

4.61 

4.90 

5.92 

.93 

300 

5.55 

5.88 

5.61 

.85 

a50 

6.53 

6.86 

4.81 

1.07 

400 

7.54 

7.84 

3.83 

1.10 

450 

8.69 

8.82 

1.47 

1.30 

500 

9.65 

9.80 

1.54 

1.33 

500 

10.28 

10.98 

6.39 

1.75 

Valve  lift  diagrams  and  pressure  dnips  are  shown  in  Figs.  46  to  54. 
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Valve  Lift  Diagram 


Pressure  Drop  Diag^m 

0.204nch  Max.  Lift 

150  R.P.M. 


Fig.  46. 


Valve  Lift  Diagram 


Pressure  Drop  Diagram 

0.20-inch  Max.  Lift 

200  R.P.M. 


Fig.  47. 


Valve  Lift  Diagram 


Pressure  Drop  Diagram 
0.20-incb  Max.  Lift 
250  R.P.M. 
Fig.  48. 
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Pressure  Drop  Diagram 

0.20-inch  Max.  Lift 

300  R.P.M. 


Fio.  49. 


Valve  Lift  Diagram 


Pressure  Drop  Diagram 

0.20-iiich  Max.  Lift 

850  R.P.M. 


Fio.  50. 


Valve  Lift  Diagram 


Pressure  Drop  Diagram 

0.20.inch  Max.  Lift 

400  R.P.M. 


Fio.  51. 
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Pressure  Drop  Diagram 
0.20-inch  Max.  Lift 
450  R.P.M. 
Fig.  52. 


Pressure  Drop  Diagram 

0.20-inch  Max.  Lift 

500R.P.M. 

FiQ.  53. 


Valve  Lift  Diagram 


Pressure  Drop  Diagram 
0.20-inch  Max.  Lift 
560  R.P.M. 
Fig.  54. 
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INTERMITTENT  FLOW.  (Conical  Seat  Exhaust  Valve.  Daimler  Engine.) 

Table  25.    Run  No.  1  (B). 

(1.25-mch  conical  seat  valve;  cam  opened.     Intermittent  exhaust  flow.) 
Me.an  lift  of  exhaust  value  =  0.333  inch.     Average  temperature  of  air  =  85 
degrees  Fahr. 
Max.  lift  of  inlet  valve  0.10-in.    Area  valve  opening  1.3  sq.  inch. 
Max.  lift  of  exhaust  valve  0.40-in.     Area  of  piston  12.177. 


Speed  R.  P.  M. 

Cubic  Feet  of  Air 
pumped  per  Minute. 

Mean  Resintance 
to  Discharge, 
lb.  eq.  inch. 

Terminal  Discharge 
Pressore. 
lb.  sq.  Inch. 

150 
200 
250 
300 
350 
400 
450 
500 
570 

2.83 
3.69 
4.63 
5.56 
6.54 
7. .56 
8.50 
9.39 
10.41 

A 

.15 

.15 

.15 

.25 

about  .1 
.20 
.2 
.3 
.3 
.3 
.5 

Valve  lift  and  pressure  drop  diagrams  are  shown  in  Figs.  55  to  64. 


Daimler  Exhaust  Valve  Lift  Diagram 
Valve  Lift  Curve 
Begins  at  the  Right  Hand  Side 
Fig.  55. 


5 


Pressure  Drop  Diagram 
150  R  P.M. 
Fio.  56. 
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Pressure  Drop  Diagram 
200  R.P.M. 
Fig.  57. 


Pressure  Drop  Diagram 
t260R.P.M. 
FiQ.  58. 


Pressure  Drop  Diagram 

800  R.P.M. 

Fig.  59. 
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Pressure  Drop  Diagram 

850  R.P.M. 

Fio.  60. 


Pressure  Drop  Dingram 

400  R.P.M. 

FiQ.  61. 


Pressure  Drop  Diagram 

450  K.P.M. 

Fia.  62. 
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Pressure  Drop  Diagram 

500R.P.M. 

Fig.  63. 


Pressure  Drop  Diagram 

570  R.P.M. 

Fig.  64. 

INTERMITTENT  FLOW.     (Conical  Seat  Gas  Valve.    Nash  Engine.) 

Table  26.    Run  No.  1  (A). 

(1.5-inch  conical  seat  valve,  cam  opened,  intermittent  inlet  flow.) 

Mean  lift  gas  valve  =  0.226  inch.  Average  temperature  of  air  =  80  degrees  Fahr . 

Max.  lift  gas  valve  0.34-in.     Area  piston  =  33.18  sq.  inch. 

Area  opening  1 .23  sq.  inch. 


Speed  R.P.M. 

(Average  during 

Run.) 

Cubic  Feet  of  Air 
pumped  per  Min. 

Piston  Displace- 
ment. 
(Cu.  Ft.  per  Min.) 

Per  Cent,  lost 
Volume. 

Mean  Resistance 
to  Suction, 
lb.  sq.  inch. 

63 

4.66 

5.09 

3.30 

.36 

96 

8.73 

9.22 

5.32 

.53 

116 

10.25 

11.13 

7.79 

.64 

140 

12.23 

13.43 

9.00 

.73 

161 

14.19 

15.45 

8.15 

1.07       . 

185 

15.75 

17.75 

11.28 

1.29 

205 

17.10 

19.70 

13.21 

1.35 

225 

18.35 

21.60 

15.05 

1.64 

237 

19.10 

22.75 

16.05 

1.68 

250 

19.60 

24.00 

18.34 

2.07 

288 

21.20 

27.65 

23.30 

2.30 

316 

22.65 

30.32 

25.30 

2.65 

Valve  lift  and  pressure  drop  diagrams  are  given  in  Figs.  65  to  80. 
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Nash  Gas  Valve  Lift  Diagram 

Valve  Lift  Curve.     Inlet  Begins  on  Kight  Hand  Side 

FiQ.  65. 


Pressure  Drop  Diagram 

32  R.P.M. 

Fig.  66. 


I 


Pressure  Drop  Diagram 

55  R.P.M. 

Fig.  67. 


Pressure  Drop  Diagram 
62  R.P.M. 
Fig.  68. 


"I" 
Z 

A. 
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Pressure  Drop  Diagram 
95  R.P.M 
Fio.  09. 


J 

..L 


Pressure  Drop  Diagram 

114  R.P.M. 
Fig.  70. 


Pressure  Drop  Diagram 

140  R.P.M. 
Fio.  71. 


Pressure  Drop  Diagram 

160  R.P.M. 
Fio.  72. 
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Pressure  Drop  Diagram 

161  R.P.M. 
Fig.  73. 


T" 
i 


Pressure  Drop  Diagram 
185  R.P.M 
Fig.  74. 


Pressure  Drop  Diagram 
305  R.P.M. 
Fig.  75. 


Pressure  Drop  Diagram 

225  R.P.M. 
Fig.  76. 


7" 
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Pressure  Drop  Diagram 
240  R.P.M. 

Fig.  77. 


Pressure  Drop  Diagram 
250  R.P.M. 
Fig.  78. 


"T" 

S 


Pressure  Drop  Diagram 
280  R.P.M. 
Fig.  79. 


"T" 

1. 


Pressure  Drop  Diagram 

312  R.P.M. 

Fig.  80. 
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INTERMITTENT  FLOW.    Conical  Seat  Inlet  Valve. 

Table  27.    Run  No.  2  (A).    (Nash  Engine.) 

(2-mch  diameter  conical  seat  valve,  intermittent  inlet  flow.) 

Mean  lift  of  inlet  valve  =  0.393  inch.    Average  temperature  of  air  =  80  deg.  F. 

Max.  lift  inlet  valve  0.6-in. 

Area  of  opening  2.97  sq.  inches. 


Speed  R.  P.  M. 

Cubic  Feet  of  Air 

Piston  Di^place- 

Per  Cent,  lost 

Mean  Resistance 

pumped  per  Min. 

(Cn.  Ft.  per  Min.) 

Volume. 

to  Suction. 

102 

9.46 

9.79 

5.32 

138 

12.53 

13.23 

5.29 

176 

16.21 

16.90 

4.08 

.17 

208 

18.94 

19.99 

5.26 

.25 

247 

22.10 

23.72 

6.84 

.57 

296 

26.02 

28.42 

8.44 

.71 

Valve  lift  (Fig.  81)  and  pressure  drop  diagrams  are  given  in  Figs.  82  to  87. 


Nash  Inlet  Valve  Lift  Diagram 

Valve  Lift  Curve.      Begins  on  Right  Hand  Side 

Fio.  81. 


Pressure  Drop  Diagram 
108  R.P.M. 

Fio.  82. 


Ji 


J- 


Pressure  Drop  Diagram 
186  R.P.M. 

Fig.  83. 
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Pressure  Drop  Diagram 
176  R.P.M. 
Fia.  84. 


7 


Pressure  Drop  Diagram 
Fia.  86. 


^ 


Pressure  Drop  Diagram 

246  R.P.M. 
Fig.  86. 


r 


Pressure  Drop  Diagram 

291  R.P.M. 

Fig.  87. 
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INTERMITTENT  FLOW.    Conical  Seat  Exhaust  Valve. 
Table  28.    Run  No.  1  (B).     (Nash  Engine.) 

(2-inch  diameter  conical  seat  valve.     Intermittent  exhaust  flow.) 
Mean  lift  of  exhaust  valve  =  0.535  inch.      Average  temperature  of  air  =  81 
degrees  Fahr. 

Max.  lift  of  exhaust  valve  7-in. 
Area  of  opening  3.61  sq.  inches. 


Speed  R.  P.  M. 

Cubic  Feet  of  Air 
pumpvd  per  Minnie. 

Mean  Resistance 
to  Discharge. 

Terminal  Discharge 
Pressure. 

80 

7.6 

117 

10.80 

151 

13.80 

.2 

.8 

185 

16.50 

.25 

I. 

210 

18.25 

.3 

1.2 

253 

21.10 

.4 

2.4 

283 

23.00 

.5 

2.6 

320 

38.20 

.6 

3. 

Valve  lift  (Fig.  88)  and  pressure  drop  diagrams  are  given  in  Figs.  87  to  96. 


Exhaust  Valve  Lift  Piagram 

Nash  Valve  Lift  Curve.     Begins  on  Left  Haud  Side 

Fig.  88. 


T 


Pi oa.su re  Diop  Diagram 
80R.P.M. 
Fio.  89. 
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Pressure  Drop  Diagram 
115R.P.M/ 
FiQ.  90. 


I 


Pressure  Drop  Diagram 
150  R.P.M. 
Fio.  91. 


Pressure  Drop  Diagram 

183  n^.u. 

Fig.  92. 


Pressure  Drop  Diagram 
210  R.P.M:, 
Fig.  93. 
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i 


Pressure  Drop  Diagram 
252  R.P.K. 
Fig.  94. 


Pressure  Drop  Diagram 
285  R.P,M. 
Fig.  95. 


Pressure  Drop  Diagram 
820  R.P.M. 
Fig.  96. 


I 
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DISCUSSION. 

Mi\  San  ford  A.  Moss, — The  work  described  in  this  paper  is 
highly  commendable  and  is  just  the  sort  of  work  which  universities 
should  be  doing  in  large  quantities  for  the  benefit  of  the  engineer- 
ing fraternity.  The  experiments  seem  to  have  been  intelligently 
])hinned  and  carefully  executed.  However,  in  order  to  make  a 
paper  such  as  this  of  any  value  some  conclusion  should  be  drawn, 
and  it  is  to  be  hoped  that  Dr.  Lucke  may  find  time  to  summarize 
the  results  in  revision. 

One  point  has  seemed  to  me  evident  from  inspection  of  curves 
of  Figs.  IG  and  17,  and  that  is  that  a  conical  seated  valve  is  much 
more  efficient  than  a  flat  seated  one.     Is  this  conclusion  correct? 

In  the  second  part  of  the  paper  dealintr  with  the  intermittent 
flow  there  are  given  only  the  ''  Valve  Lift "  and  '^  Pressure  Drop  " 
diagrams.  Could  not  velocity  co-efficients  be  obtained  from  these 
for  comparison  with  the  velocity  co-efficients  obtained  in  the  first 
part  of  the  paper?  The  device  of  stating  the  performance  of  a 
valve  by  means  of  a  velocity  co-efficient  is  very  original  and  neat, 
and  it  seems  to  me  should  be  used  to  the  greatest  extent  pos- 
sible. 

Mr.  Geo.  Hill. — The  writer  is  very  glad  to  learn  that  it  is  in- 
tended to  su])plenient  this  paper  by  presenting  conclusions  there- 
from. 

A  consecutive  numbering  of  the  tables  would  facilitate  refer- 
ence to  them. 

An  explanation  of  the  more  than  perfect  efficiency  shown  in 
a  part  of  table,  Eun  No.  2  (A),  page  251,  is  desirable. 

Do  not  the  peculiar  valve  lift  diagrams  Figs.  18  to  54  inclusive 
indicate  a  defective  mechanical  condition  (sticking  of  valve  stem 
in  guide  or  binding  of  spring  on  valve  stem)? 

Would  not  the  results  be  aff'ected  by  the  varying  size  of  the 
opening? 

It  is  to  be  hoped  that  the  author  will  show  cuts  of  the  cams 
that  were  employed,  noting  at  Avhat  part  of  the  stroke  of  the 
piston  the  cams  become  operative.  It  is  suggested  that  the  valve 
lift  diagrams  would  be  more  readily  understood  if  on  the  horizontal 
line  the  points  where  the  piston  reached  the  toj)  and  bottom  of 
its  travel  respectively  Avere  noted.  This  information,  in  con- 
junction with  the  table  in  paragraph  eight  and  the  cam  diagram, 
would  make  the  results  somewhat  clearer. 
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Attention  is  called  to  the  last  line  of  table  No.  1  on  page  285; 
apparently  there  exists  a  typographical  error. 

Referring  to  the  illustration  Fig.  4:  The  sleeve  through  which 
the  valve  stem  operates  comes  very  close,  apparently,  to  the  cylin- 
drical chamber,  the  end  of  Avhich  acts  as  the  valve  seat.  No 
dimensions  are  given,  but  if  the  drawing  is  correct  to  scale  there 
would  apparently  be  a  contraction  of  the  airway  at  this  point, 
which  would  seriously  affect  the  results  of  all  experiments  made 
with  this  application. 

Referring  to  Fig.  2:  1-inch  pipe  seems  to  be  rather  small — the 
design  of  this  box  would  also  seem  to  introduce  an  unnecessary 
number  of  angles,  increasing  the  friction. 

Referring  to  the  tables  for  intermittent  flow — tables  on  pages 
21) I,  2i>4,  208  and  271 — it  would  appear  that  the  most  eflicient  lift 
for  this  particular  valve  was  y^o^  of  an  inch,  and  the  most  efficient 
spee<l  450  revolutions  per  minute.  The  maximum  amount  of  air 
pumped  per  minute,  however,  corresponds  with  a  lift  of  ^^  of  an 
inch  and  a  speed  of  550  revolutions  per  minute.  These  tables  do 
not  ai)pear  to  harmonize  Avith  themselves  nor  with  one  another 
in  the  matter  of  i)er  cent,  of  volume  lost,  which  one  would 
naturally  suppose  would  be  a  function  of  the  lift  of  valve  and 
speed  in  revolutions  per  minute.  If  the  only  obstructions  to  the 
flow  of  air  were  those  due  to  the  valve  we  should  expect  to  see 
this  followed  out,  but  it  seems  hard  to  understand  why  the  per 
cent,  of  volume  lost  (table,  page  40)  should  be  9.53  at  150  revolu- 
tions, should  drop  to  3.88  at  400  revolutions,  drop  to  1.47  at  450 
revoluticms,  rise  to  1.54  at  500  revolutions,  and  then  jump  to  6.39 
at  5()0  revolutions,  while  in  the  case  of  the  table  on  page  204  the 
percent,  of  volume  lost  varies  from  9.90  at  200  revolutions  to  2.06 
at  550  revolutions;  the  valve  lift  diagram  reflects  some  of  this 
pt^culiarity,  but  the  author  does  not  explain  why  there  should  be 
pnxluccd  such  dissimilarity  of  diagrams  as  Figs.  27  and  31  evi- 
dence. 

Comparing  results  given  in  the  table  on  page  278  with  the  re- 
sults given  in  the  tables  on  page  204,  it  would  apix^ar  that  in  this 
particular  case  the  conical  seat  valve,  while  offering  less  resistance 
to  sucticm  in  some  way,  caused  a  very  much  greater  loss  of  vol- 
ume of  cubic  feet  pumped  \)or  uum\U\  when  compare<l  with  the 
tlat-soat  valve. 

It  is  to  be  hoped  that  the  author  has  more  infornuition  to  pre- 
sent in  regard  to  the  relative  efficiency  of  the  two  forms  of  valves 
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It  would  be  of  much  interest  to  know  what  factor,  if  any,  should 
be  applied  to  these  results  to  render  them  applicable  to  mixtures 
of  gas  and  air  and  mixtures  of  gasolene  vapor  and  air.  It  is  gen- 
erally accepted  that  they  are  by  no  means  identical,  and  it  is  the 
writer's  belief  that  results  deduced  from  experiments  made  with 
air  alone  cannot  be  safely  applied  to  the  design  of  valves  for 
gas  or  gasolene  engines. 

Recently  published  data  indicates  that  the  practical  working 
of  some  valves  may  be  very  greatly  improved  by  decreasing 
travel  and  changing  the  form  of  the  operating  cam. 

During  the  past  fourteen  months  the  writer  has  for  recreation 
been  experimenting  with  a  form  of  gasolene  engine  valve  operat- 
ing the  engine  of  an  automobile,  gauging  the  results  of  the  various 
changes  by  the  speed  obtained  over  a  mile  course  on  a  country 
road  which  was  always  in  practically  the  same  condition  when 
tests  were  made.  These  tests  indicate  in  general  that  a  velocity 
of  the  gases  of  1,200  feet  per  second  produce  so  much  back  pres- 
sure that  the  engine  had  nearly  all  it  could  do  to  run  itself;  that 
the  delivered  power  increased  with  decrease  of  velocities  to  about 
500  feet  per  second;  that  there  Avas  no  appreciable  increase  in 
delivered  power  when  the  velocities  were  reduced  to  250  feet  per 
second,  the  velocities  in  all  cases  being  figured  from  the  area  of 
the  valve  opening,  the  time  during  which  it  was  opened,  and  the 
piston  displacement,  and  no  allowance  was  made  for  any  expan- 
sion of  the  exhaust  charge,  which  must  have  expanded  materially 
and  must  have  therefore  produced  higher  velocities  than  those 
mentioned. 

Various  forms  of  cams  were  used  and  the  best  results  were  ob- 
tained from  those  in  which  the  lifting  portion  was  a  straight  line 
tangent  to  the  concentric  portion  of  the  cam,  the  valve  lifter 
traveling  on  a  second  concentric  portion  as  soon  as  the  maximum 
lift  was  obtained — thus  for  the  exhaust  portion  of  the  cam  the 
lift  began  when  the  crank  still  had  30  degrees  of  arc  to  pass  over 
before  reaching  the  bottom  center.  The  valve  reached  its  full 
open  position  when  the  crank  had  passed  the  bottom  center  by 
14  degrees.  It  began  to  close  when  the  crank  still  had  30  de- 
grees of  arc  to  travel,  and  closed  entirely  when  the  crank  had 
passed  the  top  center  by  10  degrees.  Translated  into  piston 
movement  for  a  4-inch  stroke,  this  meant  that  release  occurred 
when  the  piston  still  had  about  i  of  an  inch  to  travel;  that  during 
all  of  the  upstroke  of  the  piston,  except  the  last  quarter  inch,  the 
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valve  remained  wide  open;  that  while  the  piston  was  traveling 
the  last  quarter  inch  of  its  stroke  the  valve  was  closing— closing 
completely  before  the  piston  had  traveled  downward  ^  of  an  inch. 
Prof.  F.  R.  Uutton. — In  presenting  this  paper  on  behalf  of  the 
author,  I  would  like  to  call  attention  to  the  practical  significance 
of  these  investigations  which  the  author  has  outlined  in  a  concise 
way  in  his  first  paragraph. 

The  internal  combustion  engine  receives  its  fuel  supply  to  the 
cylinder,  either  under  no  pressure  at  all  or  under  a  very  light  one. 
Hence  the  effect  of  inertia  in  the  mass  of  mixture  of  fluid  and  air, 
and  the  effect  of  inertia  and  fluid  friction  at  the  valve  itself,  act 
as  the  speed  increases  to  diminish  the  effective  weight  of  heat 
energy  which  actually  enters  the  cylinder.  This  is.  roughly  stated 
by  placing  as  one  of  the  limitations  of  the  internal  combustion 
engine,  the  principle  that  the  power  developed  by  the  engine  does 
nut  increase  directly  or  proportionately  to  the  number  of  revolu- 
tions as  is  the  case  with  the  steam  engine  where  the  working  me- 
dium is  delivered  under  pressure  through  the  valves,  and  if  the 
ports  have  any  intelligent  area  whatever,  the  loss  will  not  increase 
with  speed.  Up  to  a  certain  speed,  say  between  1,200  and  1,600 
revolutions  per  minute,  the  output  is  quite  closely  proportional 
to  the  speed.  Beyond  that  the  increase  of  power  is  not  as  the  in- 
crease of  speed. 

Mr.  Geo.  Hill. — Professor  Hutton  made  the  statement  that  the 
power  developed  does  not  increase  with  the  speed.  It  may  not, 
of  course,  directly  with  the  speed,  but  from  my  observation  it  does 
increase  very  nearly  with  the  revolutions  and  the  speed,  and  up 
to  1,G00  revolutions  per  minute  the  output  appears  to  be  quite 
closely  proportioned  to  the  speed. 

Professor  Ilutlon, — I  should  have  restricted  my  statement. 
After  a  certain  speed  is  reached  the  increase  is  not  as  the  speed.  It 
does  increase  up  to  a  certain  limit;  beyond  that  the  speed  is  not  in- 
creased as  the  power — while  the  speed  increases  it  does  not  increase 
as  the  power. 

Mr,  J,  C.  Parker, — About  twelve  years  ago  I  demonstrated  by 
experiment  that  throttling  the  charge  by  reduction  of  the  opening 
through  the  poppet  valves  of  a  gas  engine,  if  accompanied  by  a 
corn^sponding  reduction  of  the  compression  space,  would  lead  to 
improved  economy,  but  at  some  expense  of  efficiency. 

Prof,  Chas.  E.  Imcke* — The  appreciation  expressed  by  Mr. 

♦  Author's  Closure,  under  the  Rules. 
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S.  A.  Moss  is  very  gratifying,  coining  as  it  does  after  the  execu- 
tion of  such  a  large  quantity  of  work.  The  only  reason  conclu- 
sions were  not  inserted  in  the  original  paper  was  lack  of  time. 
They  are  now  presented,  but  the  conclusions  presented  may  not 
be  those  that  some  of  the  readers  of  the  paper  might  expect.  It 
will  be  impossible,  as  Mr.  ]Moss,  for  instance,  desires,  to  state  which 
type  of  valve  is  the  better.  The  comparisons  made  by  him  between 
Figs.  IG  and  17  are  not  quite  fair,  because  for  equal  lifts  the  areas 
of  the  openings  are  not  the  same  for  conical  seat  valves  and  flat 
seat  valves.  The  o^x^ning  for  a  flat  seat  valve  is  always  larger 
than  for  a  conical  seat  valve  of  the  same  diameter  and  same  lift, 
and  one  of  the  things  brought  out  by  the  steady  flow  curves  is  that 
the  co-efficient  is  dependent  as  much  upon  opening  as  it  is  upon 
anything  else. 

In  accordance  with  the  suggestion  of  Mr.  Hill  the  tables  are 
renumbered  consecutively.  The  more  than  perfect  efficiency  shown 
on  page  251  may  be  explained  in  three  ways.  There  may  have 
been  an  error  in  calculating  the  valve  opening,  as  has  already  been 
pointed  out ;  there  may  have  also  been  an  error  in  the  meter  read- 
ing, and,  what  is  more  likely,  it  mpy  be  improper  to  take  air  at 
meter  density.  I  am  rather  inclined  to  believe  that  the  last  is 
the  true  explanation.  Mr.  Hill's  question  concerning  the  eflFect 
of  varying  the  size  of  the  valve  must  be  answered  in  the  affirma- 
tive. The  size  will  affect  the  results,  and  this  is  shown  by  com- 
paring the  results  of  the  different  size  valves  used.  It  is  not 
necessary  in  this  work  to  give  the  cam  curves,  as  asked  for  by 
Mr.  Hill,  because  the  valve  lift  curves  are  given  on  the  same 
stroke  base  as  the  indicator  diagrams.  The  only  effect  of  the 
cam  is  the  lift  of  the  valve,  and  the  actual  effect  is  shown  in  the 
valve  lift  curve,  which  is  very  much  more  satisfactory  than  the 
cam  curve,  and  likewise  more  exact.  There  seems  to  be  no  error  in 
the  tables  on  page  285.  The  illustration  in  Fig.  4  is  approximately 
to  scale,  and  while  there  may  be  some  contraction  of  the  airway 
it  is  not  very  serious,  because  the  area  at  the  point  of  greatest 
contraction  is  about  four  times  the  maximum  valve  area  used. 
The  friction  of  the  1"  pipe,  Fig.  2,  is  appreciable,  and  Mr.  HilFs 
question  on  this  point  can  be  answered  by  comparing  the  runs 
made  with  and  without  housing  and  marked  Run  Al  and  Run  A2. 
Drawing  conclusions  of  the  efficiency  of  the  valve  with  respect  to 
meter  readings  which  give  the  air  pumped  is  not  justified  when 
successive  values  differ  by  3  per  cent,  or  less  as  the  meter  may  be 
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this  much  in  error.  Tables  on  the  quantity  of  air  pumped  are 
inconsistent  and  the  cause  is  likely  in  the  meter  which  has  an 
error  and  which  introduces  pressure.  The  results  tabulated  are 
given  exactly  as  foimd  and  are  not  corrected  because  it  was 
deemed  important  that  the  limit  of  accuracy  of  the  work  should 
be  known  to  the  readers  of  the  paper.  Every  possible  precaution 
was  taken  and  the  results  reported  without  correction.  The  com- 
parison by  Mr.  Hill  of  the  table  on  page  278  with  that  on  page  264 
is  a  little  unfair  because  the  velocity  is  different  through  two 
valves  for  equal  lifts,  one  being  a  flat  seat  and  the  other  a  conical 
seat  valve. 

These  experiments  were  undertaken  not  so  much  to  prove  the 
superiority  of  one  type  of  valve  over  the  other  as  to  provide  some 
definite  data  on  which  the  designer  may  predict  the  results  that 
will  be  given  by  the  valve  he  selects.  The  selection  of  the  type 
of  valve  is  governed  rather  by  structural  reasons  than  by  efficiency 
of  flow  through  it.  The  type  of  valve  being  fixed,  the  designer 
must  approximate  the  suction  and  exhaust  lines  of  the  indicator 
cards  to  determine  the  mean  resistance  and  the  mechanical  work 
lost  in  charging  and  discharging  the  gases,  also  the  amount  of 
charge  lost  by  valve  resistance  and  the  amount  of  old  charge  re- 
tained from  the  same  cause.  The  charge  which  is  lost  during  suc- 
tion is  measured  at  both  ends  of  the  atmospheric  line  where  the 
suction  line  and  compression  line  cross  it.  That  part  which  is 
lost  at  the  beginning  of  the  stroke  cannot  be  properly  laid  to  an 
improper  valve  size  or  lift  because  it  is  more  a  matter  of  valve 
or  cam  adjustment  and  terminal  exhaust  pressure  in  gas  engines 
than  valve  opening.  To  be  sure,  automatic  valves  must  first  be 
opened  by  the  pressure  difference  against  the  spring  resistance 
and  so  cause  a  loss,  but  in  this  case  the  suction  line  before  the 
valve  opens  is  merely  the  expansion  line  for  the  clearance  volume 
and  is  easily  predicted.  The  part  of  the  charge  lost  at  the  end  of 
the  suction  stroke,  and  which  is  shown  by  the  crossing  of  the  com- 
pression and  atmospheric  lines,  is  also  as  much  a  matter  of  valve 
setting  as  it  is  of  valve  opening.  If  the  valve  be  held  open  for  a 
short  i)eriod  after  dead  center  most  of  this  loss  will  be  recovered. 
The  indicator  cards  shown  for  cam  lifted  valves  proves  this.  This 
correction  by  setting  cannot  l)e  made  for  automatic  valves,  but  then 
the  valve  stays  open  after  the  end  of  the  stroke  until  the  pressure 
difference  falls  to  the  equivalent  of  the  spring  tension,  when  the 
charge  will  be  compressed.     This  beginning  of  compression,  how- 
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ever,  with  automatic  valves  does  not  occur  at  the  end  of  the  stroke 
as  appears  from  the  indicator  cards.  On  these  cards  the  pressure 
difference  equivalent  to  the  spring  tension  is  0.8  pounds  per  square 
inch.  There  is  no  way  known  to  the  author  in  which  this  point 
can  be  determined  on  the  indicator  cards,  and  no  data  can  be  given 
so  simple  as  to  be  practically  valuable.  It  was  for  this  reason 
that  the  large  number  of  cards  was  presented,  each  giving  the 
actual  curve  with  the  exact  conditions  under  which  it  was  de- 
termined and  from  which  it  resulted. 

The  characteristic  of  the  suction  and  discharge  lines  at  points 
where  the  flow  is  increasing  or  decreasing  is  indeterminate  and 
can  only  be  guessed  at,  for  besides  the  above  influences  the  question 
of  gas  inertia,  pipe  friction  and  flow  enter.  With  the  set  of  cards 
presented  in  this  paper,  however,  the  designer  should  be  able  to 
make  a  good  guess.  There  is  one  point  on  each  of  the  lines  that 
one  should  be  able  to  determine  with  fair  certainty,  and  this  is 
the  suction  vacuum  or  discharge  pressure  at  the  point  of  zero  ac- 
celeration for  the  piston  and  gases.  This  is  a  point  where  the 
piston  has  a  uniform  motion  and  occurs  at  45  per  cent  of  the  in- 
stroke  and  56  per  cent,  of  the  outstroke  for  this  ratio  of  connect- 
ing rod  to  crank.  The  pressure  drop  at  this  point  of  the  stroke 
is  due  solely  to  valve  opening  and  piston  speed  and  is  not  affected 
by  inertia  of  the  gas,  nor  is  it  subject  to  modification  by  any  valve 
adjustments.  At  this  point  the  values  for  the  co-efficient  of  efflux 
determined  from  any  experimental  data  should  apply  practically. 

The  only  data  before  the  designer  are  his  valve  opening  and 
piston  speed.  These  are  both  a  maximum  at  the  point  of  zero 
acceleration  or  uniform  velocity.  If  the  rate  of  displacement  of 
the  piston  at  this  point  be  taken  as  the  number  of  cubic  feet  of 
flow  at  atmospheric  pressure  and  this  volume  be  divided  by  the 
maximum  area  of  the  valve  opening,  there  will  result  a  certain 
velocity.  This  is  ordinarily  termed  the  gas  velocity  in  the  process 
of  designing.  With  this  velocity  there  should  occur  a  certain 
pressure  drop,  and  the  pressure  drop  that  will  occur  is  greater 
actually  than  would  be  calculated  by  the  square  root  formula. 
How  much  greater  it  will  be  is  shown  by  the  co-efficients  which 
are  calculated  for  the  intermittent  flows  and  given  below.  To  the 
right  and  left  of  this  point  of  the  diagram  the  pressure  drop  will 
be  greater  or  less,  depending  upon  whether  the  ratio  of  valve 
opening  to  actual  piston  speeds  remains  the  same  as  at  the  point 
of  uniform  velocity  or  not    This  is  easily  found  out  by  comparing 
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the  valve  lift  curve  with  the  piston  speed  curve,  as  explained  in 
books  on  design. 

The  following  Table  29  is  determined  from  the  intermittent 
flow  by  the  indicator  cards  for  the  Daimler  exhaust  valve,  and 
shows  the  speeds,  pressure  drops,  gas  velocity  calculated  on  piston 
speed  and  valve  opening,  and  the  co-efiicient  of  efflux.  Velocities 
are  in  feet  per  minute. 

TABLE    29. 

Daimler  Exhaust  Valve. 

Conical  Seat,  Cam  Opened. 


Press. 

Press. 

speeds 

drop  from 
euros,  lb. 

Speeds 

drop 

Pfston 

Calcnl. 

Theoret. 

Co-efficient 

R.P.M. 

from 

speeds 

gas  vel. 

velocity 

of  efflux 

sq.  inch 

curve 

1.50 

150 

.015 

218.4 

2,000 

2,650 

.75 

200 

200 

.037 

291.2 

2,700 

3,720 

.725 

•2,50 

05 

250 

.05 

364.0 

3,400 

4,750 

.715 

300 

.10 

300 

.075 

436.0 

4,000 

5,850 

.685 

350 

.12 

350 

.11 

509.6 

4,750 

6,850 

.695 

400 

.15 

400 

.15 

580.4 

5,425 

8,300 

.655 

450 

.17 

450 

.20 

653.2 

6,100 

9,600 

.635 

500 

.20 

500 

.26 

726.0 

6,800 

11,000 

.62 

570 

.40 

550 

.35 

798.8 

7,500 

12,600 

.595 

From  the  above  figures  and  the  curves.  Figs.  97  and  98,  it  ap- 
jwars  that  the  co-efficients  of  efflux  at  the  point  of  zero  acceleration 
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for  thifl  cam  lifted  conical  seat  exhaust  valve  decrease  slightly 
with  pressure  drop— that  is,  decrease  as  flow  increases,  the  two 
limits  for  the  co-efficients  being  0.75  and  0.60  when  the  velocities  as 
calculated  vary  from  2,000  to  7,500  feet  per  minute.  Table  30 
gives  the  same  information  as  the  preceding  one  for  one  of  the 
flat  scat  valves,  which  are  automatic  in  type  and  which  have  a 
spring  tension  of  0.8  pounds  per  square  inch  of  valve.  This  table 
gives  co-efficients  for  four  different  m^aximum  lifts. 

It  appears  from  the  above  that  the  co-efficient  of  efflux  for  inter- 
mittent flow  through  these  automatic  flat  seat  valves  increase  with 
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l)ressurc  drop — that  is,  increase  with  velocity  and  speed,  which  is  a 
different  result  than  was  obtained  for  the  conical  seat  cam  lifted 
valve.  For  the  smallest  lift  the  co-efficients  lie  between  50  per  cent. 
and  89  per  cent.,  for  corresponding  calculated  velocity  between 
10,000  and  38,000  feet  per  minute.  For  twice  this  lift  the  co- 
efficients lie  between  0.2  and  0.5,  the  corresponding  calculated  gas 
velocity  being  between  5,000  and  19,000  feet  per  minute.  For  three 
times  the  minimum  the  co-efficients  lie  between  17  per  cent,  and  39 
per  cent,  when  the  corresponding  calculated  velocities  are  between 
3,400  and  12,000  feet  per  minute.  For  the  maximum  lift,  which 
was  four  times  the  minimum,  the  co-efficients  arc  still  less,  lying 
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between  13  per  cent  and  34  per  cent,  when  the  calculated  velocities 
lie  between  2,600  and  9,600  feet  per  minute. 

Calculated  in  a  similar  way  from  data  on  the  Nash  gas  valve 


TABLE  30. 

Daimler  Engine  Inlet  Valve. 

Flat  Seat,  Automatic, 

A.     0.05  inch  lift. 

Tension  of  spring  =  0.8  pound.  Piston  area 


valve  area 


=  48 


Pr«88. 

PreM. 

«prcd8 

dn>p  from 
carde,  lb. 

Speeds 

drop 

Piston 

Calcul. 

Theoret. 

Co-efficient 

R.P.M. 

from 

speeds 

gas  vel. 

velocity 

of  efflux 

sq.   inch 

curve 

150 

.95 

150 

.95 

218.4 

10,460 

21,000 

.50 

2(K) 

1.1 

200 

1.10 

291.2 

13,970 

22,500 

.62 

250 

1.3 

250 

1.30 

364.0 

17,470 

24,500 

.71 

300 

1.7 

300 

1.70 

436.8 

20,920 

28,000 

.75 

350 

2.2 

350 

2.20 

509.6 

27,730 

32,000 

v73 

400 

2.7 

400 

2.70 

582.4 

28,000 

35,500 

.79 

450 

3  2 

450 

3.20 

654.2 

31,400 

39,000 

.80 

475 

3  4 

500 

3.65 

728.0 

34,940 

41,000 

.85 

575 

4.4 

550 

4.10 

798.8 

38,400 

43,250 

.89 

I    Pre*.. 
8p(t>di«    drop  from 
1<  IV  M.  'cnrdB,  lb. 
sq.  inch 


150 
2(M) 
250 
.'KM) 
:i50 
380 
MH) 
450 
500 


.6 

.8 

I'l 
1.3 

1  45 
1.65 

2  1 
2  45 
3. 


B.     0.10  inch  lift. 
Piston  area 


valve  area 


=  24 


Press. 

S|)eeds 

drop 
from 

curve 

150 

.86 

200 

.92 

250 

.1 

300 

1.1 

350 

1.3 

400 

1^65 

450 

2.08 

500 

2.5 

550 

2.9 

Piston 
speeds 


218.  4 
291.2 
:«)4.0 
436 .  S 
5(H) .  (> 


582.4 
(V54.2 
728.0 

79S.8 


Calcul. 

Theoret. 

gas  vel. 

velocity 

5,230 

20,000 

6,635 

20,500 

8,735 

21,500 

10.460 

22,500 

1    11,865 

24,500 

14,666 

27,566 

15,680 

31,000 

17,470 

34,000 

1    19,100 

1 

36,751 

Co-efficient 
of  efflux 


.26 
.32 
.4 
.46 

.48 


.5 

.505 
.515 
.52 
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C.      1.5  inch  Uft. 
Piston  area 


valve  area 


=  16 


Press. 

Press. 

Speeds 

drop  from 
cards,  lb. 

Speeds 

drop 

Piston 

Calcul. 

Theoret. 

Ck>-6ffldent 

R.P.M. 

from 

speeds 

gas  vel. 

velocity 

of  efflux 

sq. inch 

curve 

350 

1.15 

150 

.85 

218.4 

3,486 

20,000 

.174 

400 

1.35 

200 

.9 

291.2 

4,423 

20,500 

.215 

450 

1.55 

250 

.96 

364.0 

5,825 

21,000 

.277 

500 

1.95 

300 

1.04 

436.8 

6,640 

22,000 

.302 

560 

2.4 

350 

1.15 

509.6 

7,910 

23,000 

.344 

400 

1.35 

582.4 

9,320 

25,000 

.373 

450 

1.55 

654.2 

10,460 

26,750 

.380 

. . . 

500 

1.95 

728.0 

11,646 

30,000 

.39- 

550 

2.32 

798.8 

12,800 

32,750 

.39  + 

D.     0.20  inch  lift. 
Piston  area 


valve  area 


=  12 


Press. 

Press. 

Speed* 

drop  from 
cards,  lb. 

Speed 

drop 

Piston 

Calcul. 

Theoret 

Co-efflcieot 

R.P.M. 

(from 

speeds 

gas  vel. 

velocity 

of  efflux 

sq.  inch. 

.curve 

150 

.40 

150 

.85 

218.4 

2,615 

20,000 

.13 

200 

.60 

200 

.89 

291.2 

3,317 

20,205 

.164 

250 

1.60 

250 

.94 

364.0 

4,367 

20,750 

.2 

300 

.6 

300 

1.0 

436.8 

5,230 

21,500 

.243 

350 

1.1 

350 

1.1- 

609.6 

5,932 

22,500 

.263 

400 

1.25 

400 

1.2 

582.4 

7,000 

23,500 

.31 

450 

1.5 

450 

1.33 

654.2 

7,840 

24,750 

.32 

500 

1.5 

500 

1.5 

728.0 

8,735 

26,250 

.33 

560 

1.8 

550 

1.75 

798.8 

9,600 

28,500 

.34 

in  Table  31  will  be  found  information  on  co-efficients  with  the 
conditions  under  which  they  were  determined. 

From  this  table  it  appears  that  the  co-efficients  increase  slightly 
with  pressure  drop  and  the  rate  of  flow,  lying  between  52  per  cent 
and  56  per  cent,  when  the  calculated  gas  velocity  lies  between 
3,500  and  21,000  feet  per  minute,  the  nature  of  the  variation  being 
quite  the  same  as  for  tlie  steady  flows  reported  in  the  early  part 
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TABLE  31. 

Na8H  Gas  Valve. 

Conical  Seat,  Cam  Opened. 

Area  of  opening  at  maximum  lift =1.227  square  inch. 
Area  of  piston =33. 185  square  inches. 

Area  of  piston 

Area  of  valve  opening"" 


Speeds 
R.P.M. 

PwM.  drop 

from  cards,  lb. 

««q.  inch 

Pieton  speeds 

Calcul. 
Qas  vel. 

Theoret. 
Telocity 

Co-efficient 
of  efflux 

50 

.10 

130.9 

3,530 

6,800 

.52 

100 

.40 

261.8 

7,060 

13,500 

.52 

150 

.80 

392.7 

10,670 

19,000 

.56 

200 

1.40 

523.6 

14,130 

25,500 

.55 

250 

2.10 

654.5 

17,670 

31,000 

.565 

300 

2.95 

785.4 

21,220 

37,500 

.565 

of  the  paper.  The  Nash  inlet  valve,  which  is  the  same  in  type  as 
the  Nash  gas  valve,  gives  the  co-efficients  and  velocities  reported  in 
Table  No.  32. 

These  co-efficients  lie  between  51  and  47  and  decrease  with  flow 
slightly.  The  corresponding  gas  velocity  calculated  from  the  piston 
displacement  for  these  two  limits  are  3,000  and  9,000  feet  per 
minute.  The  fact  that  co-efficients  for  these  two  Nash  valves  with 
conical  seats  and  inlet  flow  do  not  vary  very  much  is  quite  interest- 


TABLE  32. 

Nash  Inlet  Valve. 

Conical  Seat,  Cam  Opened. 

Maximum  lift=0 . 6  inch. 

Area  of  opening  at  maximum  lift =2.97  square  inches. 

Area  of  pi8ton=33.18  square  inches. 

Area  of  piston 


Area  of  valve  opening 


=  11.05 


Speedn 
K  P.M. 

Prwii.  drop 

from  cnrves,  lb. 

Hq. Inch. 

Piston  Bpeedtj 

Calcnl. 
Gas  veloc. 

Theoret. 
velocity 

Co-efMclent 
of  efflux 

50 

100 

.08 

261.8 

3,100 

6,100 

.51 

1.50 

.18 

392.7 

4,520 

9,100 

.50 

200 

.33 

523.6 

6,020 

i2,;^oo 

.495 

2.50 

..54 

654.. 5 

7,520 

15,750 

.48 

300 

.80 

785.4 

9,040 

19,000 

.475 

300 
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ing.  It  also  appears  since  one  increases  and  the  other  decreases 
that  the  influence  of  the  chamber  in  which  the  valve  is  housed  has 
an  appreciable  effect  upon  the  contraction.  Another  odd  situation 
appears  in  the  comparison  of  the  preceding  results  for  inlet  to  the 
following  results  in  Table  No.  33  for  exhaust  flow. 


TABLE  33. 

Nash  Exhaust  Valve. 

Conical  Seat,  Cam  Opened, 

Maximum  lift=0.7  inch. 

Area  of  opening  at  maximum  lift=3.61  square  inches. 

Area  of  piston 


Area  of  valve  opening 


=9.19 


Speeds 
R.P.M. 

Press,  drop 

from  curves,  lb. 

tq.  inch 

Piston  speeds 

Calcnl. 
Gas  veloc. 

Theoret. 
velocity 

Coefficient 
of  effiox 

100 
150 
200 
250 
300 

.05 
.12 
.23 
.38 
.60 

261.8 
392.7 
523.6 
654.5 

785.4 

2,400 
3,610 
4,820 
6,010 
7,220 

4,750 

7,400 

10,250 

13,100 

16,500 

.505 

.487 

.47 

.46 

.437 

For  the  exhaust  flow  the  co-efficients  vary  between  51  per  cent 
and  44  per  cent,  for  gas  velocity  calculated  on  piston  displace- 
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ments  between  2,000  and  7,000  feet  per  minute.  In  every  case 
t}ie  co-efficients  are  a  little  less  than  for  inlet  valve  flow,  but  not 
nearly  as  much  as  might  be  expected.  In  the  set  of  curves. 
Fig.  99,  the  tabular  results  are  shown  graphically.  From  this 
table  the  pressure  drop  can  be  read  off  at  once  as  in  Figs.  97  and 
98  for  the  Daimler  engine,  for  any  given  gas  velocity  in  feet  per 
minute,  calculated  on  piston  displacement  at  the  point  of  uniform 
motion. 

It  might  seem  as  if  the  co-efficient  of  efflux  for  steady  flow  should 
be  applicable  to  intermittent  flows  at  this  point  of  zero  accelera- 
tion, but  the  preceding  results  prove  that  this  is  not  the  case.  The 
actual  co-efficients,  as  detorminod  from  the  indicator  cards,  are 
smaller  for  the  intermittent  flow,  even  though  the  velocity  is  uni- 
form at  the  point  in  questi(m.  The  form  in  wdiieh  these  results 
are  finally  given  make  them  available  for  design  work. 
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No.  IIOO.* 

RESULTS  OF  THE  PRELIMINARY  PRODUCER  0A8 
TESTS  OF  THE  UNITED  STATES  GEOLOGICAL 
SURVEY  COAL-TESTING  PLANT  AT    ST   LOUIS.\ 

BT  R.   H.   FEBNALD,  ST.  LOUIS,  MO. 

(Member  of  the  Society.) 

1.  An  obviously  necessary  regulation  of  the  Government  pro- 
hibits the  publication  of  results  of  the  United  States  Geological 
Survey  Coal  Testing  Plant  until  such  results  have  appeared  in 
official  Government  reports.  This  regulation  is  in  a  way  unfortu- 
nate, as  it  prohibits  the  presentation  at  this  meeting  of  the  most 
reliable  and  most  efficient  results  of  the  producer  gas  tests.  It 
not  only  necessitates  confining  the  information  and  details  to  results 
already  published  by  the  United  States  Geological  Survey,:j:  but 
forces  the  writer  to  confine  his  attention  to  preliminary  work  con- 
ducted under  the  erratic  and  often  exasperating  conditions  of  an 
Exposition  period. 

2.  The  oi^erating  conditions  that  are  now  maintained  in  the 
Gas  Producer  Division  of  the  Testing  Plant  are  so  superior  to 
those  that  were  possible  during  the  preliminary  period  that  the 
results  of  the  past  several  months  show  marked  improvement  over 
the  figures  here  presented,  but,  owing  to  the  Government  restric- 
tion, they  can  be  mentioned  in  a  general  way  only  at  this  time. 

Equipment 

3.  The  plant  upon  which  these  tests  were  made  is  a  Taylor 
pressure  gas  producer,  furnished  by  R.  D.  Wood  &  Co.,  of  Phila- 
delphia. It  is  designated  as  a  250  horse-power  producer  gas  power 
]ilant.     The  cut.   Fig.   1,  presents  the  general   arrangement  of 

*  Presented  at  the  New  York  meeting  (December,  1905)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  27  of  the  Tram- 
actions. 

fJProsented  by  permission  of  the  Director  of  the  United  States  Geological 
Survey. 

^  For  detailed  description  of  the  Plant  and  complete  reports  see  Bulletin  No. 
261  of  the  United  States  Geological  Survey  and  other  reports  to  be  published  upon 
this  subject. 


PRODUCER  GAS  TESTS  OP^U.  S.  GEOLOGICAL  TESTING  PLANT.      303 

the  plant,  with  the  boiler  house  (erected  in  connection  with  the 
boiler  and  steam  engine  trials  and  not  directly  connected  with 
the  producer  gas  plant) — directly  in  the  rear.  At  the  extreme 
right  is  the  engine  room.  The  exhaust  pipe  of  the  gas  engine 
is  seen  projecting  through  the  roof. 

4.  In  Figs.  2  and  3  are  shown  the  plans  and  elevations  of  the 
different  units  of  the  plant,  as  well  as  the  general  dimensions. 
The  specifications  given  in  the  catalogue,  published  by  R.  D. 
Wood  &  Co.,  for  the  producer  are :  "  Gas  producer  with  rotative 
ash  table ;  design  A ;  size,  !N'o.  7 ;  inside  diameter  of  brick  lin- 
ing or  jacket,  7  feet;  area  of  fuel  bed,  38.5  square  feet;  height 
of  top  casing,  15  feet." 

(A  complete  detailed  description  of  the  entire  plant  will  appear 
in  the  report  to  be  published  by  the  United  States  Geological  Sur- 
vey in  a  few  weeks.*) 

5.  As  seen  by  reference  to  Figs.  1,  2  and  3  the  plant  at  the  time 
these  tests  were  made  consisted  of  the  producer  proper,  or  gener- 
ator, an  economizer,  a  scrubber,  a  centrifugal  tar  extractor,  a 
purifier  and  a  gas  holder.  At  the  present  time  the  plant  consists 
of  two  independent  producers,  both  discharging  into  the  same 
scrubber.  These  producers  are  worked  independently,  one  being 
charged  while  the  other  is  in  operation. 

6.  By  this  arrangement  no  time  is  lost  in  changing  from  one 
coal  to  another  at  the  end  of  any  test,  as  a  simple  manipulation 
of  valves  brings  the  second  producer  into  operation  when  the 
first  is  cut  out. 

7.  Owing  to  the  fact  that  statements  have  been  published  to  the 
effect  that  no  centrifugal  tar  extractor  has  proven  successful,  it 
gives  the  writer  pleasure  to  call  attention  to  the  fact  that  the 
centrifugal  extractor  used  in  connection  with  this  plant  has  proved 
to  be  very  efficient  when  properly  handled. 

8.  The  details  of  this  latter  piece  of  apparatus  are  carefully 
guarded  by  the  manufacturers  of  the  producer,  and  consequently 
no  detailed  drawing  is  presented.  This  extractor  resembles  in 
outward  appearance  a  centrifugal  pump.  As  the  gas  is  sent 
through  the  extractor  the  tar  passes  down  through  the  tar  drips 
to  a  water-sealed  pit  from  which  it  is  easily  removed.  A  liberal 
supply  of  water  is  used  during  this  part  of  the  process  of  puri- 


♦This  report,  known  as  Professional  Paper  No.  48,  wbh  i.^suod  In  Marcli,  1906, 
and  may  l>e  had  upon  application  to  some  member  of  Congress,  or  to  the  Director 
of  the  Geological  Survey. 
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fication.  The  speed  of  rotation  of  the  "  fan  "  in  the  tar  extractor 
is  of  vital  importance,  and  any  deviation  from  the  proper  speed 
(1,500  to  1,600  revolutions  per  minute  in  case  of  the  plant  under 
consideration)  seriously  affects  the  successful  working  of  the  ex- 
tractor— particularly  if  the  variation  be  a  reduction  of  speed.  The 
"  fan  "  in  the  extractor  is  driven  by  a  ten-horse-power  motor. 

9.  After  going  through  a  meter  of  30,000  cubic  feet  per  hour 
capacity,  the  gas  is  delivered  to  a  three-cylinder  vertical  Westing- 
house  gas  engine.  On  the  pipe  line  leading  from  the  meter  to  the 
engine  is  a  special  gas  regulator  installed  by  the  Westinghouse  Co. 

10.  The  cylinders  of  the  engine  are  19  inches  in  diameter  and  22 
inches  in  stroke.  The  engine  makes  200  revolutions  per  minute 
and  is  rated  at  235  brake  horse-power  on  producer  gas. 

11.  It  is  belted  to  a  six-pole,  175  kilowatt  Westinghouse  direct- 
current  generator. 

12.  The  load  on  the  generator  is  controlled  by  and  the  energy 
developed  dissipated  through  a  water  rheostat  especially  con- 
structed for  the  purpose. 

Log  and  Report  Forms  Used. 

13.  In  arranging  for  the  tests  of  the  gas  producer  division  of  the 
testing  plant,  no  forms  for  log  or  report  blanks  could  be  found. 
It  was,  therefore,  necessary  to  prepare  such  forms  as  would  best 
serve  the  purpose  at  the  time.  These  blanks,  with  slight  modifi- 
cations warranted  by  the  experience  of  the  past  few  months,  are 
presented  in  detail. 

14.  At  the  time  these  forms  were  made  out  by  the  writer  (Sep- 
tember, 1904)  few,  if  any,  data  could  be  found  relating  to  the 
methods  of  conducting  producer  gas  tests. 

15.  It  is  hoped  that  these  forms  will  be  carefully  examined  and 
criticized  with  an  idea  of  securing  "  standard  forms  "  for  report- 
ing producer  gas  tests. 

16.  In  examining  these  blanks  it  should  be  borne  in  mind  that 
these  tests  are  producer  gas  tests  from  a  large  series  of  coals — 
i.  e.,  the  tests  are  for  the  purpose  of  determining  the  relative 
values  of  different  bituminous  coals  and  lignites  as  producer  gas 
developers  and  they  are  not  "  Gas  Producer  "  tests.  For  this 
reason  it  has  been  the  constant  aim  of  the  writer  to  keep  to  what 
may  be  called  the  "  simple  problem  "  and  not  to  attempt  the  many 
chemical  and  therniodynaniic  j)roblenis  that  present  themselves 
almost  daily,  interesting  and  valuable  as  these  might  prove. 


308      PRODUCER  GAS  TESTS  OF  U.  S.  GEOLOGICAL  TESTING  PLANT. 


U.  S.  GEOLOGICAL  SURVEY  COALTESTINQ  PLANT. 

BAS  PROOUCEII  MVItlON. 


LOQ  OF  PflODUCEf|.QA8  TEST. 


mad*  by 


OcmI:  OeoMiUMo. -. 

Cbr  iaitiala  and  Ma 


TumuTVRBa,  bbo.  F.  |; 


I    I.  i.i!: 


ii  i 


If 


Wftttneter  . 
rvwiuig. 


i 


I  III 


fif 


I    i 


PRODUCER  GAS  TESTS  OF  U.  S.  GEOLOGICAL  TESTING  PLANT..^    309 


U.  8.  QEOLOQICAL  SURVEY  C0AL-TE8TINQ  PLANT. 

GAS  PROOUOEII  MVIMON. 

Otit, 


REPORT  OF  FUEL  BED  CONDITIONS.                Ttrf  No. 
RMord«lby ^ - — - » 


r(lBdd») - — ib«t  Halghi.. 

lUtad  oapMitj..- bantpoww. 


OqaI  ;  G«Beml  No. -.. '  SpwUl  Now-. 

Ote  Initkb  Mid  No 


HaifhtoffMlted^  Hdchtofadited^ 

[taUti - -  Iftnidi- 

Cbamotar  citntA  tttat 


CharaoMr  of  adi  At  ifeMt 


Otenotar  of  flr*  At  llBiflh 


CbMMlcr  of  aah  At  flniih 


308      PRODUCER  GAS  TESTS  OF  U.  S.  GEOLOGICAL  TESTING  PLANT. 


U.  S.  GEOLOGICAL  SURVEY  COAL-TESTINQ  PLANT. 

BAS  PRODUCCII  OIVItlON. 


LOQ  OF  PR0DUCER-QA8  TEST. 


mad*  by 
oapKity  — 


Otml:  OeoMiUMo. - 

Cbr  iaiUala  ud  No.  . 


il 


TsiiraaATVBM,  DM.  F.  j 


Il    M 


Adhuakt  hotom. 


"^sr  *"■— 


111 


I 


PRODUCER  GAS  TESTS  OF  U.  S.  GEOLOGICAL  TESTING  PLANT..^    309 


ftamB.  IhMl] 

U.  8.  QEOLOQICAL  SURVEY  C0AL-TE8TINQ  PLANT. 

GAS  PROOUOEII  MVIMON. 


REPORT  OF  FUEL  BED  CONDITIONS.               Ttrf  No. 
Baoordad  hr ^ ■- 


(iBdd*)- - — -faM.  Hdghi... 


OoAl :  G«Beml  No. „... Spedal  No- 

Ote  taiikkib  Mid  No. - 


HflichtoffBdlNd{  Hdchtof 


■dited{ 
U 


Chvaotar  ottntA  titan  .. 


CbamoMT  of  adi  at  ifeMt 


Otenotar  of  flr*  At  llBiflh 


CbMMlcrofaaliaftflniih  . 


310     PRODUCER  GAS  TESTS  OF  U.  S.  GEOLOGICAL  TESTING  PLANT. 


U.  S.  GEOLOGICAL  SURVEY  COAL-TESTING  PLANT. 

QAS  PRODUCER  DIVISION. 

Date, .- —.... 
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Prodooer  made  b^ 

Diameter  (Imride)       feet.  Height 


Rated  capacity .. 


Coal :  Qenwal  Na  .  - - —       Spedal  No. .. 

Oar  initials  and  Na - 
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(Pw  GMrt  by  volmB0.) 

Tim*. 

.  1 
! 

! 
1 

H,8 
OO, 

■ 

„_._ 

— 

CA 

OO 

H. 

i 

OH, 

W 

Total 

i 

1 

1 

i 

1 

I 
i 

Okloiikted                     ; 
BrttiahUMr- 
■ul  onlto.  '                     1 

-■ 

!           i 

1 
1 

1 
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i9, 

U.  8.  GEOtOQICAL  SURVEY  COAL-TESTINQ  PLANT. 

QAS  PRODUCER  DIVISION. 


Diito,. 

BapQCt  of - - 

RMorded  by ~ - ~ 


PnduoK-gm  tort  N& 


I  No. - - -.-       BvaeUL  1 

0«r  iniUala  aaA  Na - -.... 
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U.  8.  OEOLOOICAL  SURVEY  COAL-TESTING  PLANT. 


REPORT  OF  PRODUCER-QAS  TEST. 


Goal:  a«B«»l  No. 

0»r  initUls  and  Na .. 


1.  DontUm  of  tost  in  hoanr- 


2.  GMlcftTiag  prodaoM-, - - 

S.  Om  iMviog  eooooaiiaer, _ 

4.  Gm  eatering  holdw^ _ 

R.  Air  6Btetiiic  floODoniMr,  ^...._ .^.._— ... ™»™»__™ 

«.  Air  Icftving  MOBoniier,  

OUTttOC  POWCII  CHARQED  AQAINST  PROOUOCR  PLANT. 

7.  Total  ■taUB  oMd  by  produoer,  poonds, . 

8.  SieuiaMd  by  prodooer  per  boar,  pouads,  

9.  EqaiTalontinpowidsorooalpor  boni-, — 

10.  EquiTalant  in  pooads  of  dry  ooal  per  boar, 

11    EqniTalent  io  pooade  of  comboatibk  per  boor 

12.  Avenge  boreepower  required  to  drire  aaziliary  maobinery,  

13.  Total  water  oaed  ia  aonibber  and  tar  extractor,  cubic  feet,  

14.  Cabic  feet  of  water  per  boar  per  boraepower  of  prodooer  plaot,  -. 

15.  Cable  feet  of  water  per  1,000  oabic  feet  of  gaa  prodaoed, 

COAL  CONtUttCD  IN  PROOUCCII. 
1*.  Total  ooal  coosoaaed,  poonda, ~ 

17.  Moisture  in  coal,  per  cent,  » 

18.  Total  drf  coal  conaaned,  poands,- 

19.  Refoae  from  ooal,  per  cent, •. 

20.  ToUl  reAue  froB  coal,  poanda, 

21.  Total  comboatible  conHaned,  poanda, „ 

COAL  PER  HOUR. 

22.  Coal  conmimed  in  producer,  poanda, 

23.  Dry  ooal  cooianed  in  producer,  poonda, .„ 

24.  ConbuBtiblA  oooaumed  in  producer,  pounda, 

2*>.  Equivalfnt  coal  nurd  by  producer  plant,  pounds, 

26.  Equivalent  dry  coal  used  by  producer  plant,  pounds,  

27.  Equivalent  combustible  used  by  producer  plank,  poanda, 
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U.  8.  OEOLOOICAL  SURVEY  C0AL-TE8TINQ  PLANT. 

GAS  PRODUCER  DIVISION. 


REPORT  OF  PROOUCER-QAS  TEST  (ConUnued). 


COAL  CONSUMED  PER  SQUARE  FOOT  OF  FUEL  BED  PER  HOUR. 

28.  OoiJ  M  fir«d, 

29.  Dry  oo«l, -. - - ~ 


80.  CombiiBtible, - 

BRITISN  THERMAL  UNITS  FROM  COAL. 

81.  P«r  pound  of  ooal  m  fired, 

83.  P«r  pound  of  dry  coal, 

88.  Per  pound  of  oombuatible,  

84.  Prom  ooal  m  fired,  per  hour,  

86.  Prom  dry  coal,  per  hour, 

86.  Prom  combuatible,  per  hour, 

QAS  PRODUCED.  CUBIC  FEET. 

(Om  at  or  F.  Mid  14.7  pounds  ynman.) 


87.  TWal,  

8«.  Per  hour, 

39.  Prr  pound  coal  consumed  in  producer, 

40.  Per  pound  dry  coal  consumed  in  producer, 

41.  Per  pound  combustible  consumed  in  producer,  

42.  Per  pound  equivalent  coal  used  by  producer  plant, 

43.  Per  pound  equivalent  dry  coal  used  by  producer  plant,    

44.  Per  pound  equiTalent  combustible  used  by  producer  plant,  

BRITISH  THERMAL  UNITS  FROM  STANDARD  QAS. 

46.  Per  cubic  foot, 

40.  Per  pound  dry  eoal  burned  in  producer, 

47.  Per  hour  per  brake  hortepower, 

AVERAGE  HORSEPOWER  DEVELOPED. 

48.  Eleolrioal  horaepower  available  for  outside  purposes, 

49.  Beotrieal  hortepower  developed  at  switch  board 

60.  Brake  horaepbwer  available  for  outside  purposes,  

61.  Brake  horsepower  developrd  at  engine, 

EFFICIENCIES. 

62.  Of  con versloo  and  cleaning  gas,  - 

68.  Of  prodooer  plant, 
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Form  X. 


U.  8.  GEOLOGICAL  SURVEY  COALTESTINQ  PLANT. 

QA8  PRODUCEfl  DIVISION. 

Datt, 


REPORT  OF  PRODUCER-QAS  TEST  (ContiniMd). 


No.. 


COAL  PER  HORSEPOWER  PER  HOUR. 


Dry  01 


64.  Pounds  consamed  in  prodaoer  per  electrical  horsepower  avail- 
able for  outside  purppses 


55.  Pounds  consumed  in  producer  per  electrical  horsepower  devel- 
oped at  switch  board — 


56.  Pounds  consumed  in  producer  per  brake  horsepower  available 
for  outside  purposes 


57.  Pounds  coosumed  in  producer  per  brake  horsepower  developed 
at  engioe — 


58.  Equivalent  pounds  used  by  producer  plant  per  electrical  horse- 
ride 


power  available  for  oatside  purposes  . 


59.  Equivalent  pounds  used  by  producer  plant  per  electrical  horse- 
power developed  at  switch  board — 


60.  Equivalent  pounds  used  by  producer  plant  per  brake  horsepower 
available  for  oataide  porpoeea 


61 .  Equivalent  pounds  used  by  producer  plant  per  brake  horsepower 
developed  at  eogine - 


62.  Coal. 


Moisture 

VolatUe  matter. 
Fixed  carbon  .- 
Ash 


Sulphur . 


AVCRAOE  OOMPOfmON  OF  COAL  AND  QAS. 
68.  Gas  by  volume. 


Pnetni, 


Hydrogen  disulphide  (H^S).. 

Carbon  dioxide  (CO,) 

Oxygen  (O.) 

Ethylene  (C,H,) 

Carbon  monoxide  (CO) 

Hydrogen  (H,) 

Methane  (CHJ 

Nitrogen  (N.) 
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Conditions  of  Conducting  Tests. 

17.  The  tests  were  begun  on  a  basis  of  a  total  of  fifty  hours  for 
each  test  The  plant  was  operated  ten  hours  a  day  and  then  fires 
were  banked  for  the  night,  the  records  being  continued  the  next 
morning.  This  permitted  one  test  a  week  only.  With  the  small 
crew  at  command  it  seemed  to  be  the  best  possible  arrangement 
and  was  continued  for  the  first  two  tests.  It  was  then  thought 
desirable  to  secure  double  the  number  of  tests,  and  the  schedule 
was  arranged  to  conduct  two  tests  per  week,  each  of  thirty  con- 
secutive hours,  allowing  sufficient  time  between  tests  to  make  the 
necessary  change  of  fuel  and  to  enable  the  fuel  bed  in  the  producer 
to  bo  brought  to  a  proper  working  condition. 

18.  As  it  was  desired  to  test  as  many  coals  as  possible  during 
the  few  weeks  remaining  before  the  close  of  the  Exposition,  the 
highest  possible  economy  was  made  a  secondary  consideration,  and 
for  a  part  of  the  time  the  plant  was  run  with  a  leaky  hopper  and 
other  unfortunate  conditions,  which  naturally  impaired  its  effi- 
ciency. 

19.  In  comparing  the  results  it  should  be  borne  in  mind  that  in 
these  preliminary  tests  the  object  has  been  to  demonstrate  the 
possibility  of  using  these  coals  in  a  producer,  and  not  to  show 
how  efficiently  they  could  be  burned.  Although  the  results  in 
many  cases  have  been  highly  satisfactory,  there  is  no  question 
that  in  a  second  series  of  tests  upon  the  same  coals,  made  with 
the  idea  of  showing  the  greatest  economy,  the  amount  of  coal  per 
horse-power  per  hour  will,  in  the  majority  of  cases,  be  much  less, 

20.  During  tests  Nos.  5  to  14,  inclusive,  the  hopper  of  the  gas- 
producer  leaked,  and  considerable  gas  was  wasted,  thus  vitiating 
to  a  small  but  undetermined  extent  the  efficient  results  that  might 
otherwise  be  shown  for  the  coals  tested  during  that  period.  But 
at  the  time  of  making  these  tests  it  was  not  practicable  to  stop  the 
operations  of  the  plant  for  repairs ;  and  the  main  purpose  of  the 
preliminary  tests  being  to  determine  whether  the  coals  were  suita- 
ble for  producer  gas  purposes,  it  was  decided  to  proceed,  in  spite 
of  the  leak  in  the  hopper,  and  to  repeat  later,  imder  more  favorable 
conditions,  the  tests  for  relative  efficiency. 

21.  Immediately  after  the  close  of  the  Exposition,  it  having  been 
decided  to  continue  the  tests  for  some  weeks  longer,  the  plant  was 
shut  down  in  order  to  repair  the  leaking  hopper  and  to  prepare  for 
cold  weather.     Operations  were  resumed  on  December  12th,  and 
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continued  to  December  22d,  when  a  holiday  recess  was  taken. 
After  the  recess  the  tests  were  continued  through  the  month  of 
January.  In  all  twenty-four  producer  gas  tests  were  made  during 
the  period  from  the  first  of  October  to  the  first  of  February. 

22.  In  beginning  the  new  series  of  tests — ^May,  1905 — a  sched- 
ule was  adopted  involving  two  60-hour  tests  per  week.  This 
was  done  to  reduce  possible  errors  in  determining  the  amount 
of  coal  burned  in  the  producer.  The  first  8  to  12  hours  are  now 
used  for  getting  the  fuel  bed  into  a  uniform  and  efficient  con- 
dition. During  this  preliminary  period  records  are  taken  as  in 
the  regular  tests,  but  the  official  test  includes  only  the  last  48 
or  50  hours  of  the  nm,  during  which  time  conditions  are  main- 
tained as  uniform  as  possible. 

23.  It  will  be  noted  that  many  of  the  tests  reported  in  this 
paper  were  of  a  few  hours'  duration  only.  This  was  due  in  many 
cases  to  the  lack  of  reliability  of  the  operation  of  the  gas  engine, 
but  since  the  present  series  of  tests  began  (May,  1905)  no  diffi- 
culty has  been  experienced  in  starting  the  engine  at  8  a.  m.  Monday 
and  continuing  day  and  night  without  a  stop  until  8  a.  m.  Saturday. 
It  should  also  be  noted  that  two  different  coals  are  tested  during 
this  period  and  that  the  change  of  gases  is  made  at  8  p.  m.  Wednes- 
day without  stopping  the  engine. 

24.  In  the  following  forms,  K,  L,  and  M,  will  be  found  flie 
itemized  results  of  one  test,  viz.  No.  15.  A  test  of  "  Oolorado 
No.  1  " — a  black  lignite  which  clinkered  in  the  producer,  in  spite 
of  frequent  poking,  but  the  clinkers  were  not  large  and  oould 
be  broken  from  the  top  of  the  producer.  The  gas  was  of  good, 
uniform  quality,  and  there  is  no  doubt  that  the  fuel  can  be  twed 
to  advantage  in  producers.  It  yielded  60  gallons  of  yellow  *'  lig- 
nite tar.^' 
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U.  S.  GEOLOGICAL  SURVEY  COAL-TESTING  PLANT. 

GAS  PRODUCER  DIVISION. 

Dato^.Oec..  IS.and.  14».190i.. 


REPORT  OF  PR0DUCER-QA8  TEST.  H»,^I^k 

by  ..W*  v..  ."./ftidnann,  Kurt  Toenafeldt,  R,.  .a^.Foehak. 


Produoer  made  bv  ......  JU-.D—'iOOdi.  Ha, „ 

DuuneUr,.(iaaLUlJ3j 7. feet.  Height, 15 fiMt. 

Rated  capacity,  —250  homepower. 

Goal:  General  No...  dolorado  Ito,.-!^ Special  No.--.— 0^.P^.-15» 

Oar  initials  and  No G.   3.-.A.^^..ai529^ _ 


1.  Duration  of  test  in  hours, * ?P.t 

AVERAGE  TEMPERATURE  "F. 

2.  Gaa  kaving  producer, .650^ 

3.  Gaa  leaving  economiier, _ - 

4.  Gaa  entering  holder,. _ 

6.  Air  entering  economiier,  - 

ft.  Air  leaving  economiier,  

OUTSIDE  POWER  CHARGED  AGAINST  PRODUCER  PLANT. 

7.  Total  steam  osed  by  producer,  pounds, ^,240. 

8.  Steam  used  by  producer  per  hour,  pounds .?P8. 

9.  Equivalent  in  pounds  of  coal  per  hour,  _.£4«.Q.... 

10.  Equivalent  in  pounds  of  dry  coal  per  hour, _ 5XaLQ.... 

U.  Equivalent  in  pounds  of  combustible  per  hour, „ 47-0... 

12.  Average  horsepower  required  to  drive  auxiliary  machinery, ~ XS«8.... 

15.  Total  water  used  in  scrubber  and  tar  extractor,  cubic  feet,  _ 

i4.  Cubic  feet  of  water  per  hour  per  horaepower  of  producer  plant, 

16.  Cubic  feet  uf  water  per  1,000  cubic  feet  of  gas  produced, _ 

COAL  CONSUMED  IN  PRODUCER. 
1«.  Total  coal  consumed,  pounds, ^ „ .^?.!.^??.: 

17.  Moisture  in  coal,  per  cent, - 211,2^.. 

18.  Total  dry  coal  consumed,  pounds, _ .^^720, 

19.  RefuM  from  coal,  per  cent, ...7^34.. 

20.  Total  reAise  from  coal,  pounds, 5*Q. 

21.  Total  combustible  couMumed,  pounds, 3.$QG0* 

COAL  PER. HOUR. 

22.  Coal  consumed  in  producer,  pounds, 554t.4.... 

23.  Dry  coal  consumed  in  produoer,  poundii, - 290,7 

24.  Combustible  consumed  in  producer,  pounds,  .  26d..S  .. 

2.'>.  F^iuivalent  coal  used  by  producer  plant,  |>oundM,..  .  .428.4 

1^.  Kquivalent  dry  coal  used  by  |»ro<luccr  plant,  pouudH,  .     .                                             .    541. 7. 
27.  l-^uivalentcumhuKtible  used  by  produriT  plant,  pouudH,.  ...    .  31.5^6.... 
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BhMt  Va-. 


U.  S.  GEOLOGICAL  SURVEY  COAL-TESTING  PLANT. 

QA8  PRODUCER  DIVISION. 

Date,  ..i39.C.»..13  ..and  14  ^  1904 . 


REPORT  OF  PRODUCER-GAS  TEST  (Continiwd).  No.^.iS-.. 


COAL  CONSUMED  PER  SQUARE  FOOT  OF  FUEL  BED  PER  HOUR. 

28.  Coal  UK  fired 5^48... 

29.  Dry  coal,  - — .TjlSS-^ 

30.  CombusUble, _ .7xQ0_ 

BRITISH  THERMAL  UNITS  FROM  COAL. 

31.  Per  pound  of  coal  as  fired, ~ S«.7.$Xt 

32.  Per  pound  of  dry  coal, 12^249Li 

33.  Per  pound  of  combustible,  -.. IjS^SlCU 

34.  From  coal  as  fired,  per  hour,  9«.&60^0QQ» 

36.  From  dry  coal,  per  hour, 3,.560^00Q« 

36.  From  combustible,  per  hour, S,fii 60,000. 

QAS  PRODUCED,  CUBIC  FEET. 

(Gktf  at  6S°  F.  and  14.7  poonds  preware.) 

37.  Total, 460,3pp. 

38.  Per  hour, r...l5«3iS. 

39.  Per  pound  coal  consumed  in  producer, A2«.X 

40.  Per  pound  dry  coal  consumed  in  producer, - bZJ^ — 

41.  Per  pound  combustible  consumed  in  producer,  .ST^Ol 

42.  Per  pound  equivalent  coal  used  by  producer  plant, 55.*8 

43.  Per  pound  equivalent  dry  coal  used  by  producer  plant, .^-^.tJ?_ 

44.  Per  pound  equivalent  combustible  used  by  producer  plant, ^k&JSL 

BRITISH  THERMAL  UNITS  FROM  STANDARD  QAS. 
46.  Per  cubic  foot, 14SU£L 

46.  Per  pound  dry  coal  burned  in  producer, „..g.y860> 

47.  Per  hour  per  brake  horsepower, .Q^jtQQt 

AVERAGE  HORSEPOWER  DEVELOPED. 

48.  Electrical  horsepower  available  for  ouuiiile  purpoees, 186.4 

49.  Klectrical  horsepower  developed  at  h witch  board j200..2 

60.  Brake  horsepower  available  for  outside  purposes, 219»S 

51.  Brake  horsepower  developed  at  engino, _ 2S$.«.4. 

EFFICIENCIES. 

r>2.  Of  conversion  and  cleaning  gas, _ a64.2„ 

53.  Of  producer  plant, 543... 
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ShMt  Ha-. 


U.  S.  GEOLOGICAL  SURVEY  COAL-TESTING  PLANT. 

«A8  PRODUCER  DIVISION. 

Dale.- A9fi...  l-5-ftn4.-W  *.  l^.Q^.. 


REPORT  OF  PRODUCER-GAS  TEST  (ContiniMd).. 


15. 


COAL  PER  HORSEPOWER  PER  HOUR. 


64.  Pounds  oonsomed  in  producer  per  electrical  honaupower  avail- 
able for  outaide  pnrpoeea _ 

56.  Pounds  consumed  in  producer  per  electrical  horsepower  devel- 
oped al  switch  board 


66.  Pounds  consamed  in  producer  per  brake  horsepower  available 
for  outside  purposes 


67.  Pounds  consumed  in  producer  per  bmke  horsepower  developed 
at  engine 


68.  Equivalent  pounds  used  by  producer  plant  per  electrical  horse- 

power available  for  outsiae  purposes .-.. 

69.  Equivalent  pounds  used  by  producer  plant  per  electrical  horse- 

power developed  at  switch  board L •_ __ 


60.  Equivalent  pounds  used  by  producer  plant  per  brake  horsepower 
available  for  outside  purposes _t. — . 


41 .  Equivalent  pounds  used  by  producer  plant  per  brake  horsepower 
developed  at  engine  — — : - 


.1^9.5-... 
.I*fl2.... 
.JL.J66.... 
.JU55.-.. 
.2.3a.-- 
-2a4-... 
.JL.-9SL- 


Dry«Ml. 


•-1^56.: 

..1.45. 

...JL3?.. 
...1.25.. 
...1.85 

..-i.n.. 

..1.56.. 
.-.1..45.. 


-.-1.45..._ 
...1.55... 
...1^25... 

...X.70.^ 

....i.^a... 

...1.44... 
-1.34... 


ta.  Coal. 


PeretnL 

Moisture 20.^24- 

VoUUIe matter ..32.i€L... 

FIzMloarboo 41.65... 

Aah ^ .5.85- 


AVERAQE  COMPOSITION  OF  COAL  AND  GAS. 
63.  Gas  by  volume.' 


100.00- 


Snlphnr .60-. 


Perctnt, 

Hydrogen  disulphide  (H.S) 

Carbon  dioxide  (00.) 10.11.. 

Oxygen  (O.) ..55.. 

Ethylene  (C,H.) 

Carbon  monoxide  (00) ^'.T.*.??^ 

Hydrogen  (H,) .11.05> 

Methane  (CH.) ^.M^ 

Nitrogen  (N,) .55.91.. 

.100.00.. 
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Summary  of  Results. 

25.  In  view  of  the  fact  that  the  United  States  Geological  Sur- 
vey will  issue  in  a  few  weeks  a  complete  *  report,  in  which  the 
writer  gives  a  detailed  explanation  of  each  item  mentioned  above, 
it  is  deemed  wise  to  present  results  only  in  this  paper. 

26.  The  table  given  herewith  shows  in  a  condensed  form  the 
results  obtained  in  the  first  twenty-four  producer  gas  tests. 

27.  The  chart,  Fig.  4,  which  follows  the  table  presents  in  a 
compact  maimer  the  most  important  items.  As  will  be  seen  at  a 
glance  the  coals  are  arranged  in  the  order  of  their  economic  value 
as  determined  by  the  tests  already  made.  The  order  of  precedence 
may  be  slightly  modified  in  the  light  of  future  tests,  conducted 
under  improved  conditions,  although  it  is  doubtful  if  it  is  seriously 
shaken. 

28.  Attention  is  called  to  the  fact  that  in  these  tests  all  hydro- 
carbons have  been  determined  and  figured  as  methane.  Small 
amounts  of  ethylene,  probably  occurring  in  the  gas,  have  in  this 
way  been  figured  as  methane,  slightly  decreasing  the  calorific 
values  of  the  gas  calculated.  It  was  deemed  inadvisable  to  at- 
tempt the  determination  of  ethylene  by  means  of  fuming  sulphuric 
acid,  owing  to  the  fact  that  the  laboratory  provided  for  these 
determinations  was  so  small  that  acid  could  not  satisfactorily  be 
used.  Bromine  was  tried  for  the  ethylene  absorption,  but  found 
to  be  of  no  value  owing  to  the  small  amounts  of  this  gas  present 
Since  the  new  chemical  laboratory  was  installed  in  April  no  such 
cramped  conditions  have  existed  and  ethylene  has  been  separately 
determined. 

29.  Although  some  of  the  coals  used  in  these  preliminary  tests 
made  excellent  records,  yet  the  results  obtained  since  beginning 
the  second  series  of  tests  in  May,  1905,  have  been  far  more  satis- 
factory, and  it  is  gratifying  to  report  that  official  records  have  been 
made  as  low  as  0.96  pounds  of  dry  coal  per  hour  burned  in  the  pro- 
ducer per  electrical  horse-power  developed  at  the  switchboard;  or 
0.80  pounds  of  dry  coal  per  hour  burned  in  the  producer  per  brake 
horse-power  per  hour,  on  the  basis  of  an  efficiency  of  85  per  cent 
for  generator  and  belt 

Attention  is  also  called  to  the  fact  that  two  tests  upon  the  same 

♦This  report,  known  as  ProfeFsional  Paper  No.  48,  was  issued  in  March,  1906, 
and  may  be  had  upon  application  to  some  member  of  Congress,  or  to  the  Director 
of  the  Geological  Survey. 
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coal  made  on  diflFerent  dates  and  in  the  two  different  producers  now 
in  operation^  at  the  plants  gave  results  that  checked  beyond  all 
expectations. 

Comparison  of  Results  Obtained  from  Steam  and  Producer  Oas 

Tests. 

30.  The  following  quoted  passages  are  from  the  statements  of 
Prof.  L.  P.  Breckenridge  as  reported  on  page  118  of  TT.  S.  Geologi- 
cal Survey,  Bulletin  No.  261  :— 

"It  is  to  be  recollected  that  the  steam  generated  by  the  boiler  was  ased  in  a 
simple  non-condensing  engine  of  the  Corliss  type,  whose  *'  water  rate"  was  26.8 
pounds  of  steam  per  hour  per  horse-power  developed  ;  that  this  engine  was  belted 
to  the  electric  generator,  and  that  the  mechanical  efficiency  of  this  combination 
of  engine  and  generator  was  81  per  cent. 

"  With  these  figures  available  it  will  be  an  ea^y  matter  to  calculate  the  num- 
ber of  pounds  of  coal  which  would  have  been  required  to  produce  an  electrica] 
horse-power  provided  a  more  economical  type  of  steam  engine  had  been  used,  or 
if  the  electrical  generator  had  been  directly  connected  to  the  engine,  with  the  re- 
sulting advantage  of  a  higher  mechanical  efficiency. 

**  If,  for  example,  the  steam  generated  had  been  used  by  a  steam  engine  capa- 
ble of  generating  1  horse-power  with  18  pounds  of  steam  per  hoar,  and  if  the 
engine  and  generator  had  been  direct  connected,  giving  as  high  a  mechanical  effi- 
ciency as  90  per  cent. ,  then  the  '  Total  dry  coal  per  electrical  horse-power  per 
hour'  would  have  been  reduced  from  4.3  pounds,  as  given  in  column  18,  to  very 
nearly  8  pounds. 

"  While  these  figures  are  frequently  and  easily  attained  by  steam  engines 
operating  in  large  units,  it  will  be  conceded  that  in  plants  of  from  900  to  250 
horse-power  they  are  but  seldom  reached. 

**It  should  be  mentioned  that  the  labor  required  would  be  the  same  for  the 
operation  of  either  the  boiler  plant  or  the  gas  producer  plant  of  the  capacity  under 
tests.     In  either  plant  two  men  would  be  sufficient. 

"In  considering  the  possible  increase  in  efficiency  of  the  boiler  tests  with  a 
compound  engine  substituted  for  the  simple  engine  used,  the  fact  should  not  be 
overlooked  that  a  corresponding  increase  in  the  efficiency  of  the  gas  producer  tests 
may  be  brought  about  under  the  most  favorable  conditions.  The  gas  engine  is 
passing  through  a  transitional  period.  In  the  larger  sizes  the  vertical  single- 
acting  engine  is  being  replaced  by  the  horizontal  double-acting.  Other  changes 
and  improvements  are  constantly  being  made  which  tend  to  do  for  the  gas  engine 
what  compounding  and  tripling  the  expansions  have  done  for  the  Rteam  engine. 

"  The  gas  engine  used  in  the  trials  recorded  is  a  vertical  three-cylinder,  single- 
acting  engine  with  no  means  of  changing  the  ignition  while  the  engine  is  Fan- 
ning." 

31.  In  the  tests  at  hand,  a  glance  at  the  "  British  thermal  units 
per  hour  per  brake  horse-power  ^'  will  show  in  many  instances 
that  the  ignition  setting  was  faulty,  thus  causing  an  excessive 
amount  of  gas  to  be  used.     With  a  variable  ignition  device  there 
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is  no  doubt  that  marked  improvement  can  be  shown  in  the  amount 
of  gas  used  by  the  engine. 

32.  The  producer  itself  was  subjected  to  new  and  varied  con- 
ditions for  which  it  was  not  well  adapted.  In  the  light  of  the 
information  which  has  been  obtained  during  the  operation  of  this 
plant  together  with  the  changes  and  improvements  that  will 
naturally  be  made  in  the  construction  and  operation  of  producer 
plants  for  use  in  connection  with  bituminous  coals  and  lignites, 
there  is  every  reason  to  expect  a  development  in  this  particular 
line  which  will  make  a  marked  increase  in  the  efficiency  of  such 
installations. 

33.  A  brief  consideration  of  these  points  will  lead  at  once  to 
the  conclusion  that  the  gas  engine  and  steam  engine  used  in  these 
tests  compare  very  favorably,  and  that  any  increase  in  efficiency 
in  the  boiler  tests  that  might  result  from  using  a  compound  engine 
can  be  oflFset  by  the  introduction  of  the  more  modem  type  of  gas 
engine  and  the  improved  producer  plant. 

DISCUSSION. 

Mr.  F.  E.  Junge. — If  I  take  the  liberty  as  a  guest  of  this  dis- 
tinguished Society,  and  as  a  member  of  the  Society  of  German 
Engineers  of  Berlin,  of  taking  part  in  this  discussion,"  it  is  not 
because  I  find  something  to  criticise  in  the  very  interesting  re- 
port as  presented  by  Professor  Fernald,  but  because  my  country 
has  for  several  years  past  been  credited  by  the  American  technical 
press  with  having  done  some  good  investigation  and  research  work 
in  connection  with  the  problems  pertaining  to  this  particular 
branch  of  engineering,  and  because  I  think  that  it  may  prove  of 
interest  to  you  to  learn  of  a  few  results  which  have  lately  been 
recorded  to  me. 

You  will  have  noticed  from  the  tests  made  by  the  United  States 
Geological  Survey  that  in  the  generation  of  power  from  low 
grade  fuels,  such  as  peat  and  lignite,  or  what  we  call  brown  coal, 
a  great  quantity  of  tar  is  produced  as  a  by-product,  which,  on 
account  of  its  low  salability  in  this  country,  cannot  be  efficiently 
utilized.  We  have  recently  devised  means  whereby  the  tar  is 
burned  immediately  after  its  production,  and  in  the  generator 
itself,  by  having  two  combustion  zones,  one  at  the  top  and  one  at 
the  bottom,  of  the  producer  chamber,  and  aspirating  air  from 
above  as  well  as  from  below  while  the  gas  is  discharged  in  the 
middle,  between  the  two  spheres  of  combustion. 
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We  thus  have  in  the  upper  burning  layers  the  Siemens  process, 
generating  gas  which  is  free  from  heavy  hydro-carbons  as  these 
are  burned  in  the  incandescent  zone  and  containing  mainly  carbon 
monoxide  and  nitrogen,  while  in  the  lower  bed  the  Dowson  process 
is  used,  generating  a  gas  which  is  mixed  and  burned  together  with 
the  Siemens  gas  from  above.  In  these  double  producers  we  have 
encountered  no  difficulty  with  caking,  and  the  gas  generated  is  so 
free  from  tar  that  a  single  coke  scrubber  is  sufficient  for  carrying 
out  the  entire  process  of  washing  and  cleaning. 

With  brown  coal  bricquettes,  having  a  calorific  value  of  5100 
Cal.  per  Kg.  (9180  British  thermal  units  per  pound),  we  can  pro- 
duce one  British  horse-power  hour  on  0.50  kg.  (1.1  pound)  of  lig- 
nite. This  is  rather  a  satisfactory  result  with  this  low-grade  fuel. 
Of  course  with  anthracite  coal  we  come  down  to  a  much  lower  con- 
sumption. For  instance,  in  the  Gueldner  suction  gas  plant  and 
engine  we  attain  with  a  coal,  having  a  heat  value  of  7700  Cal.  per 
Kg.  (13,860  British  thermal  units  per  pound)  one  British  horse- 
power hour  on  O.SSrt  Kg.  (0.73  pounds),  that  is  less  than  J  pound 
brake  horse-power  per  hour.  It  may  be  added  that  the  above 
figures  are  not  taken  from  a  show  test,  but  were  attained  under 
actual  working  conditions. 

Turning  to  an  even  more  interesting  feature  of  producer  prac- 
tice, I  want  to  say  that  it  is  now  quite  within  the  range  of  practi- 
cability to  dispose  of  city  garbage  and  sewage  by  burning  it  in 
producers,  thus  transforming  it  into  useful  power.  The  method 
consists  in  admixing  to  the  garbage  and  sewage  in  the  city  pipes 
a  small  percentage  of  powdered  lignite,  which  absorbs  the  humus 
particles  of  the  waste,  and  certain  ferro-aluminium  and  magnesia 
salts  to  destroy  such  molecules  as  resist  absorption.  The  solid 
part  of  the  mixture  is  then  allowed  to  settle  down  in  ponds,  is 
dried  afterwards  and  burned  in  the  producer.  With  this  method 
we  can  generate  one  British  horse-power  hour  from  two  Kg.  (4 A 
pounds)  of  garbage  and  sewage.  A  city  of  fifty  thousand  inhabi- 
tants produces  daily  about  12,000  Kg.  (26,400  pounds)  of  waste 
products  from  which  can  be  generated  6,000  horse-power  hours, 
or  1,460,000  kilowatt  hours  a  year.  This  process  is  apparently 
one  of  the  cleanest  metho<ls  of  disposing  of  city  garbage,  and 
I  wish  to  recommend  it  to  the  attention  of  American  engineers. 
I  also  want  to  say  a  few  words  about  the  cleaning  of  producer  gas, 
which  is  so  indissolubly  connected  with  its  generation  and  soindis- 
|)ensable  for  its  successful  utilization  in  gas  engines  that  it  must 
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logically  be  discussed  in  a  paper  on  producer  practice.  I  have  had 
the  opportunity  of  visiting  and  testing  quite  a  number  of  gas  power 
plants  in  this  country,  and  among  others  have  studied  the  plant  of 
the  Lackawanna  Steel  Works,  in  BulHfalo,  in  which  40,000  horse- 
power are  produced  from  generators  and  the  waste  gases  of  the 
blast  furnaces.  I  shall  refrain  from  any  criticism  on  the  installa- 
tion of  this  plant,  but  I  believe  it  to  be  generally  known  that  the 
scheme  has  not  given  complete  satisfaction.  In  talking  over  this 
matter  with  some  gentlemen  from  the  Steel  Trust,  and  discussing 
their  reluctant  attitude  toward  the  general  subject  of  the  utili- 
zation of  waste  gases  from  coke  ovens  and  blast  furnaces,  I  found 
that  they  almost  unanimously  attributed  the  failure  of  such  plants 
to  the  deficiency  of  the  gas  engine  to  come  up  to  the  fundamental 
requirement  of  reliability.  This  notion  I  found  also  prevailing 
among  the  more  conservative  set  of  engineers  of  this  country. 

With  the  experience  of  the  German  industry  at  the  back  of 
me,  which  has  absolutely  passed  out  of  the  transitory  state  of  costly 
experiment  and  has  reached  a  condition  of  profitable  balance,  I 
want  to  emphasize  at  this  place  what  I  try  to  prove  by  contribu- 
tions to  the  technical  papers  of  this  country,  i.e.,  that  the  large 
gas  engine,  and  particularly  such  types  as  built  by  the  Allis-Cbal- 
mers  Company,  of  Milwaukee,  and  by  the  De  La  Vergne  Company, 
of  this  city,  with  which  I  am  most  familiar,  have  arrived  at  a 
standardization  of  form  and  reliability  of  operation  which  rivals 
in  excellence  that  of  the  highest  class  of  Corliss  and  other  steam 
engine  makes.  I  have  found  that  the  failures  in  gas  power  plants 
were  due  in  a  majority  of  cases  to  the  inefficiency  of  the  cleaning 
apparatus  attached  to  the  producer,  and  which  mostly  consists  of 
a  few  vertical  tubes  filled  with  coke,  or  of  a  fan  having  a  nozzle 
for  water  injection.  If  I  may  be  allowed  to  advance  for  the  con- 
sideration of  American  engineers  a  suggestion  which  will  save 
them  a  great  deal  of  experimenting,  and  much  time  and  money, 
which  we  had  to  spend  before  arriving  at  the  present  state  of 
complete  success,  it  is  this:  that  they  avail  themselves  of  our 
experience  and  adopt  such  apparatus  as  have  given  satisfaction 
in  gas  engine  practice,  even  for  very  rich  fuels,  that  is  the  Theissen 
centrifugal  gas  washer,  which  can  be  pronounced  as  efficient  when 
viewed  from  all  such  points  as  contribute  to  the  industrial  economy 
of  a  heat  power  plant. 

In  conclusion,  will  you  allow  me,  Mr.  President,  to  take  this 
opportunity  to  express  what  I  think  is  the  sentiment  of  the  majority 
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of  German  engineers,  i.e.,  the  desire  that  the  relations  between 
this  distinguished  Society  and  the  Society  of  which  I  have  the 
honor  to  be  a  member  may  in  future  no  longer  be  confined  to  the 
exchange  of  written  communications  only,  but  may  be  supple- 
mented and  intensified  by  the  exchange  of  visits,  lectures  and 
papers,  which  members  of  the  respective  societies  may  be  called 
upon  to  personally  present  before  each  other.  We  think  that  this 
will  greatly  serve  to  bring  the  two  nations  to  an  even  better  under- 
standing and  appreciation  of  their  respective  merits  and  industrial 
achievements  than  is  existing  now,  and  that  it  will  have  on  the 
special  science  of  engineering  a  similar  good  effect  as  had,  in  a 
general  way,  the  exchange  of  professors  from  Harvard  and  Berlin 
Universities,  and  which  by  the  donation  of  the  Theodore  Roosevelt 
Professorship  received  such  a  brilliant  inauguration  a  few  weeks 
ago. 

Mr,  Edward  W.  Parker* — I  do  not  think  that  there  is  much 
that  I  can  add  to  what  Professor  Femald  has  already  presented 
to  the  Society ;  in  fact,  I  did  not  know  until  last  night  that  Profes- 
sor Femald  had  intended  that  I  should  be  called  upon  to  discuss 
the  paper  at  all. 

One  item  suggested  by  Professor  Fernald's  notes  this  morning 
in  r^ard  to  the  absence  of  the  use  of  the  economizer  in  our  work 
on  bituminous  coals  and  lignites  should  be  explained.  I  was  in 
Philadelphia  a  few  days  ago  and  was  told  by  one  of  the  engineers 
of  R.  D.  Wood  &  Company  that  in  the  use  of  anthracite  it  was 
absolutely  necessary  to  use  the  economizer  for  heating  or  for  use 
in  the  producer ;  and  as  Professor  Femald  has  stated  the  producer 
we  are  using  was  constructed  really  for  anthracite  coal  and  not 
for  bituminous  coals  and  lignites. 

I  will  have  to  ask  Professor  Femald  to  excuse  me  for  calling 
attention  to  an  error  in  his  figures.  He  states  that  we  had  pro- 
duced gas  having  a  calorific  value  of  288  British  thermal  units 
per  cubic  foot  This  should  be  188 — ^which  is  considerably  higher 
than  what  we  have  been  able  to  obtain  from  bituminous  coals  of 
the  best  grade. 

We  started  this  testing  plant  in  St.  Louis  under  a  law  making 
an  appropriation  for  analyzing  and  testing  the  coals  and  lignites 
of  the  United  States  in  order  to  determine  their  full  values  and 
the  most  economical  method  for  their  utilization.     We  did  not 

♦  Of  the  United  States  Geological  Survey. 


338      PRODUCER  GAS  TESTS  OF  U.  S.  GEOLOGICAL  TESTING  PLANT. 

have  much  difficulty  in  getting  men  for  certain  branches  of  our 
work.  We  had  a  number  of  men  trained  in  boiler  or  steam  raising 
tests ;  and  we  think  we  got  as  good  a  man  as  there  is  in  the  country 
when  we  got  Professor  Breckenridge  of  the  Illinois  University. 

Professor  Lord,  who  has  probably  done  more  work  than  any 
other  chemist  in  the  United  States  on  the  analyzing  of  coals^  has 
liad  charge  of  our  chemical  work,  and  we  have  been  making  the 
most  complete  series  of  chemical  analyses  of  coal,  both  proximate 
and  ultimate,  that  have  been  made  in  this  or  any  other  country. 

The  hardest  man  to  find  was  a  producer  man.  As  Professor 
Femald  has  stated,  there  had  been  no  tests  on  the  gas-producer 
qualities  of  coals  as  there  had  been  on  their  steaming  properties. 
There  were  no  laboratories  and  no  experts.  Professor  Brecken- 
ridge suggested  Professor  Femald  as  the  proper  man  to  take  up 
that  line  of  work.  It  will  be  readily  understood  that  there  was  a 
good  deal  of  preliminary  and  preparatory  work  to  be  done  in  ad- 
dition to  the  actual  investigations  before  he  arrived  at  the  results 
that  he  has  been  able  to  place  before  you  to-day.  Altogether  I 
think  you  will  agree  with  me  that  we  got  the  right  man  for  that 
particular  work. 

Mr.  A.  A,  Cary, — I  am  sorry  that  I  was  unable  to  be  present 
during  the  reading  of  Professor  Pemald^s  paper  and  also  to  hear 
the  remarks  following  its  presentation,  as  this  paper  deals  with  a 
subject  of  constantly  increasing  interest  to  me.  All  progressive 
power  and  fuel  users  will  certainly  become  more  and  more  inter- 
ested in  gas-producer  work  within  the  next  few  years  as  its  su- 
perior economy  when  used  with  the  gas  engine  in  the  production 
of  power  and  its  great  possibilities  when  used  in  connection  with 
furnace  work  are  matters  of  too  great  importance  to  fail  to  receive 
proper  appreciation. 

This  paper  presents  much  valuable  information,  which  has  not 
existed  before,  and  it  will  doubtless  be  of  considerable  assistance 
to  those  who  are  taking  up  this  comparatively  new  line  of  work. 

I  notice,  however,  that  it  deals  more  especially  with  the  gas- 
producer  used  in  connection  with  ens;ine  work;  but  the  gas  pro- 
ducer's other  field  of  usefulness,  that  is,  in  connection  with  furnace 
work,  is  not  less  important,  although  this  application  is  by  no 
means  as  well  developed. 

Only  those  who  have  used  natural  gas  and  illuminating  gas  for 
heating  purposes  can  begin  to  appreciate  the  possibilities  of  pro- 
ducer gas  as  a  fuel,  but  on  account  of  its  calorific  value  being  so 
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much  less  that 'that  found  in  these  other  gases,  it  will  be  found 
necessary  to  use  producer  gas  quite  differently  from  the  methods 
employed  when  the  other  gases  are  used. 

In  this  paper,  Professor  Fernald  refers  to  a  gas  producer  in 
which  there  is  a  gentle  current  of  steam  passing  through  the  fuel 
bed  the  greater  part  of  the  time,  and  producing  a  quality  of  gas 
which  might  be  classified  between  an  air  gas  and  a  water  gas, 
having  a  calorific  value  of  about  155  British  thermal  units  per 
cubic  foot 

In  another  construction  of  gas  producer,  we  find  gas  generated 
during  part  of  its  time  of  operation  by  simply  passing  air  through 
its  fuel  bed,  and  this  air  gas  passes  to  a  separate  gas  holder.  Such 
air  gas  has  a  calorific  value  of  only  a  little  over  100  British  thermal 
units  per  cubic  foot,  but  I  have  found  that  it  may,  notwithstanding 
its  low  calorific  value,  be  used  to  good  advantage  as  a  fuel. 

After  the  fuel  bed,  in  this  process,  has  been  brought  to  a  proper 
state  of  incandescence  by  this  air  passage,  the  air  admission  is 
stopped  and  steam  alone  is  blown  through  the  fuel,  making  a 
water  gas  having  a  calorific  value  of  slightly  under  300  British 
thermal  units  per  cubic  foot  This  rich  producer  gas  is  sent  to  a 
second  holder,  from  whence  it  may  be  drawn  either  separately  Or 
mixed  with  the  air  gas  from  the  other  holder  in  any  desired  pro- 
portion. 

We  thus  find  three  different  kinds  of  qualities  of  gas  coming 
from  producers,  commonly  known  as  air  gas,  producer  gas,  and 
water  gas. 

The  lower  the  calorific  value  of  these  producer  gases,  the  greater 
is  the  difficulty  found  in  burning  them  in  a  furnace  with  a  high 
degree  of  efficiency,  and  this  is  principally  due  to  the  difficulty 
in  obtaining  a  proper  proportionate  intermixture  of  the  air  re- 
quired for  combustion  with  the  combustible  portions  of  the  gas 
itself. 

The  burner  used  for  fuel  ^ascs  is  properly  called  a  mixer,  in 
which  the  oxygen  in  the  air  is  supposed  to  be  properly  brought  in 
contact  with  all  the  oxidizable  portions  of  the  gas  before  actual 
ignition  begins. 

Experience  has  taught  me  that  when  air  gas  or  other  lean  gas 
is  used,  such  ideal  conditions  are  most  necessary  to  obtain  maxi- 
mum temperatures,  and  this  condition  must  be  secured  with  th(» 
use  of  very  nearly  the  theoretical  amount  of  air  required  by  the  gas. 

T  would  like  to  ask  Professor  Fernald  and  Mr.  Parker  whether 
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they  have  done  any  work  along  this  line,  and,  if  so,  what  forms 
of  mixers  have  they  used,  and  which  have  given  the  best  results  ? 

I  do  not  know  of  any  good  producer  gas  mixer  on  the  market 
at  the  present  time.  There  is  certainly  a  great  need  for  such  a 
device,  and  any  information  of  value  on  this  subject  would  be 
widely  appreciated. 

The  form  of  the  furnace  is  also  an  important  matter  in  connec- 
tion with  producer  gas  fuel.  We  also  need  information  concern- 
ing the  value  of  preheating  the  gas  and  air  suply. 

Mr.  8.  8.  Wyer. — I  might  mention  in  this  connection  that  the 
American  Institute  of  Mining  Engineers  took  up  the  subject  of 
codification  of  gas  producer  tests  at  their  last  meeting  and  a  pro- 
visional code  was  presented  at  that  time.  Further  work  along  this 
line  will  be  presented  at  tlie  joint  meeting  with  the  Iron  and  Steel 
Institute  of  London  next  July.  The  American  Institute  of  Mining 
Engineers  will  not  take  up  this  matter  in  an  official  manner,  but 
I  am  sure  that  some  members  of  that  institute  would  work  with  a 
committee  that  this  Society  might  select  to  bring  in  a  report  on 
this  subject 

The  President. — In  the  matter  of  the  preparation  of  the  code 
the  thought  has  been  before  the  council  or  rather  before  the  secre- 
tary, and  I  will  ask  the  secretary  to  say  a  word  on  that  matter. 

Prof.  F.  B.  Hutton. — It  is  perhaps  no  secret  that  I  have  been 
interested  in  getting  Professor  Eernald  to  present  this  paper,  in 
the  hope  that  it  miglit  lead  to  a  resolution  urging  the  formulation 
of  methods  of  testing  gas  producers. 

I  was  associated  with  Professor  Fernald  in  some  of  his  early 
professional  work,  when  we  had  a  good  deal  to  do  in  arranging 
satisfactory  methods  for  testing  the  gas-engine,  and  one  of  the 
best  early  methods  for  a  complete  engine  test  in  this  class  was 
originated  by  the  author  of  this  paper. 

In  my  own  opinion  it  would  be  greatly  to  the  interest  of  the 
profession  if  the  Society,  through  an  expert  committee,  could  get 
into  the  pro(!edure  of  testing  so  early  in  the  game  that  the  work 
which  is  bound  to  be  done  on  the  gas  producer  by  those  commer- 
cially interested  in  it  should  be  done  in  such  a  form  that  it  would 
be  useful  not  only  to  those  who  want  to  buy,  but  those  who  want 
to  make  and  those  who  want  to  use  them. 

There  is  no  question  but  that  great  service  has  been  done  by  the 
Society  with  its  standard  codes  of  procedure  respecting  other  lines 
of  testing.    It  will  be  greatly  to  our  advantage  if  papers  reporting 
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such  teats  before  the  Society  should  report  them  in  codified  form 
for  comprehension  and  for  the  building  up  of  soimd  professional 
standing. 

I  believe  that  we  are  on  the  threshold  of  very  wide  extension 
of  the  gas  producer  as  a  source  of  heat  and  energy  and  have  been 
greatly  interested  in  what  Prof  essoi  Femald  has  done  in  the  metal- 
lurgical field  and  what  Mr.  Gary  has  reported  from  the  review  of 
furnace  work. 

These  discussions  serve  to  widen  the  scope  of  the  problem  and  to 
increase  my  interest  in  wanting  the  Society  to  take  the  question  up. 

What  would  suggest  itself  to  me  would  be  that  the  meeting 
should  present  a  resolution  to  the  Council  asking  them  to  consider 
the  question  of  the  appointment  of  a  committee  to  formulate  a 
code  for  the  testing  of  gas  producers,  along  lines  parallel  to  what 
our  committees  have  done  in  codifying  the  methods  of  testing 
boilers  and  engines. 

If  it  be  in  order,  therefore,  I  move  that  it  be  referred  to  the 
Council  with  power  to  consider  the  question  of  appointing  a  com- 
mittee under  the  by-laws  to  formulate  a  code  of  procedure  for  con- 
ducting tests  of  gas  producers. 

This  motion  being  duly  seconded  the  Chairman  put  the  question 
and  announced  that  the  motion  had  prevailed. 

Prof.  B.  H.  Femald.* — ^Mr.  Cary  asked  whether  we  had  inves- 
tigated the  question  of  mixers  for  gases  of  low  calorific  value. 
We  have  been  obliged  to  confine  our  attention  to  testing  the  dif- 
ferent bituminous  coals  and  lignites,  and  have  been  forced  to 
postpone  incidental  investigations,  like  the  one  mentioned,  until 
the  main  problem  has  been  more  carefully  studied.  The  amount 
of  work  involved  in  the  simple  testing  of  coals  is  surprising.  We 
have  been  making  these  fuel  tests  for  a  little  over  a  year — the 
tests  began  about  the  1st  of  October,  1904 — and  we  still  feel  that 
we  are  only  in  the  infancy  of  the  work. 

We  are  hoping,  if  Congress  should  favor  us  with  further  ap- 
propriation, making  the  plant  more  or  less  permanent,  that  we 
may  be  able  to  take  up  many  investigations  that  are  closely  allied 
with  the  problem  that  has  thus  far  commanded  our  entire  atten- 
tion. Among  the  most  desirable  problems  before  us  are  those  in- 
volved in  a  long  series  of  tests  of  the  same  coal.  At  the  present 
time  we  test  one  coal  for  sixty  hours  only  and  then  hasten  on  to 
the  next 

*  Author's  Closura,  under  the  Rules. 
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During  the  early  operation  of  the  plant  any  coal  containing 
more  than  one  per  cent,  sulphur  was  carefully  set  aside,  but  now 
we  take  the  coals  as  they  come.  It  developed  at  an  early  date 
that  more  or  less  sulpliur  was  passing  the  purifier  and  entering  the 
(engine  cylinders.  Investigations  by  the  chemists  showed  that  puri- 
fiers containing  oxidized-iron  filings  and  shavings  were  fairly  effi 
eieut  for  coals  containing  little  sulphur — one  per  cent  or  less ;  but 
it  was  found  that  for  coals  containing  larger  percentages  of  sulphur 
the  purifier  was  exhausted  after  about  six  or  eight  hours.  Mix- 
tures of  lime  and  shavings  were  tried  but  with  little  success.  As 
a  result  of  these  investigations  the  purifier  has  been  discarded  and 
the  gas,  carrying  its  full  percentage  of  sulphur,  has  been  charged 
directly  into  the  engine  cylinders.  This  method  of  operating  has 
been  going  on  for  many  months  and  no  ill  effects  have  been  dis- 
covered, although  coal  has  been  used  which  runs  as  high  as  8.1  per 
cent,  sulphur. 

The  operation  of  the  plant  has  been  a  process  of  development. 
We  were,  as  you  see,  a  little  nervous  at  first,  but  now  we  do  not 
liesitate  to  handle  any  coal  or  lignite  that  is  obtainable. 

During  the  early  operation  of  the  plant  all  the  coal  was  put 
througli  a  1^  inch  crusher.  At  the  present  time  we  feel  that 
the  operators  of  producers  desire  to  use  the  coal  as  they  buy 
it  in  the  open  market — 3  inch  coal,  or  whatever  it  may  be — ^and 
we  have  consequently  been  testing  the  coal,  for  the  past  few  months, 
as  it  arrives  at  the  plant  directly  from  the  mine. 

Attention  has  been  directed  to  the  fact  that  the  plant  is  operated 
continuously  for  120  hours  each  week.  Although  this  run  is  of 
sufficient  length  to  establish  confidence  in  the  gas  producer  and 
engine,  yet  we  are  contemplating  an  endurance  run  in  the  near 
future — simply  to  demonstrate  the  possibility  of  running  the  plant 
at  will  for  any  length  of  time  desired. 

One  feature  of  the  plant  as  installed  was  the  economizer,  used 
for  preheating  the  air  for  the  blast.  A  series  of  experiments  has 
shown  no  effect  upon  the  chemical  composition  of  the  gas  or  upon 
the  efficiency  of  the  plant  when  air  at  ordinary  atmospheric  tem- 
])erature  was  substituted  for  preheated  air.  As  a  result  the  econo- 
mizer, as  an  economizer,  has  been  discarded,  and  the  construction 
of  the  plant  again  simplified. 

Other  modifications  and  changes  are  under  investigation  at  the 
present  time,  the  most  improtant  from  an  economic  standpoint  re- 
lating to  the  utilization  of  slack  coal  in  producers. 
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No.  1101.* 

THE  REALIZATION  OF  IDEALS  IN  INDUSTRIAL 
ENGINEERING. 

BT  H.  F.  J.  PORTBR,  NEW  TORK,  N.  Y. 

(Member  of  the  Society.) 

1.  In  the  specialization  process  evolved  by  the  severe  competition 
in  the  industrial  world  during  the  past  half  century,  engineering 
has  possibly  suffered  as  much  cleavage  as  any  of  the  other  profes- 
sions. Our  section  of  Mechanical  Engineering  was  one  of  the 
earliest  results  of  this  action,  and  through  the  fostering  influence 
of  the  technical  school  which  had  come  into  existence  almost  simul- 
taneously, it  prospered  and  rapidly  assumed  characteristic  feat- 
ures which  were  readily  distinguishable.  Seeming  to  include  the 
essentials  required  by  manufacturing  industry  which  was  steadily 
growing  and  at  the  same  time  becoming  continuously  diversified, 
this  section  in  turn  responded  to  the  pressure  of  the  refining  pro- 
cess, yielding  many  sub-divisions. 

2.  One  of  the  most  recent  of  the  latter  developments  has  been 
accorded  considerable  attention  by  this  Society  at  its  recent  meet- 
ings; although,  as  its  scope  and  limitations  have  not  as  yet  had 
time  to  become  defined,  it  does  not  seem  to  have  reached  an  exact 
status.  Its  adherents,  therefore,  responding  to  their  individual 
preferences  or  qualifications  gained  by  personal  experience  have 
individually  assumed  titles  illustrative  of  the  line  of  their  imme- 
diate practice,  such  as  Industrial,  Commercial,  Organizing,  Execu- 
tive, Manufacturing,  Production,  Counseling  and  Modernizing 
Engineers.  The  Engineering  Index  classifies  literature  written  by 
tliese  men  under  the  caption  of  Industrial  Economy.  Colleges  have 
established  departments  intended  and  destined  to  embrace  the  fun- 
damental principles  of  tlie  new  profession  under  the  name  of 
Sfljool.s  of  Commerce. 

*  Prp«ente<l  at  the  New  York  meeting  (December,  1905)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  27  of  the  Trann- 
actions. 
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3.  Some  of  the  experts  in  this  field  devote  their  attention  to  per- 
fecting office  and  accounting  systems  and  making  methods  of  or- 
ganization and  management  more  efficient,  while  others  are  en- 
gaged in  the  refinement  of  processes  of  manufacture  and  shop 
practice  in  order  to  simplify  and  increase  production  and  reduce 
its  cost;  and  inasmuch  as  office  and  shop  are  very  intimately  re- 
lated these  lines  of  work  frequently  cross  and  overlap  each  other. 

4.  These  men  are  doing  work  as  to  the  necessity  of  which  there 
is  no  question.  They  have  come  into  existence  in  response  to  an 
urgent  demand,  and  tlie  efficacy  of  their  work  in  meeting  it  is  evi- 
dent wherever  it  is  performed.  Their  efforts  are  directed  towards 
the  scientific  study  of  problems  in  office  and  shop  practice  the  econ- 
omic value  of  which  has  been  heretofore  overlooked.  There  is  as 
yet  no  book  which  treats  of  the  wliole  field  of  their  activity,  al- 
though there  are  many  monographs  covering  the  special  features 
of  their  practice.  Tliere  is,  however,  in  these  latter  writings  an 
acknowledgment  of  the  basic  fact  that,  to  secure  the  ultimate  effi- 
ciency of  the  working  organizations  in  both  office  and  shop,  the 
human  element  in  each  must  be  accorded  recognition. 

5.  It  is  this  feature  of  the  broad  field  of  what  I  shall  here  term 
Industrial  Engineering  that  I  desire  to  bring  to  the  attention  of 
the  Society  in  this  paper,  and  I  do  not  think  the  subject  has  been 
referred  to  except  parenthetically  at  any  previous  meeting.  We 
have  insensibly  drifted  away  from  the  patriarchal  system  of  man- 
agement which  existed  as  late  as  twenty-five  or  thirty  years  ago, 
in  which  the  owner  of  a  shop  was  manager,  superintendent  and 
workman,  who  knew  little  about  shop  organization  but  associated 
with  his  men  on  intimate  and  cordial  terms.  As  manufacturing 
plants  have  grown  in  size  and  the  workmen  have  differentiated 
their  trades,  a  type  of  military  organization  has  gradually  de- 
veloped in  the  shops  in  which  the  manager,  sui)erintendent  and 
foremen  are  officers  who  instead  of  being  expected  to  take  part 
in  turning  out  the  product  of  the  plant  are,  on  the  contrary,  ex- 
perts in  shop  management,  and  see  that  the  machine  of  which  the 
workmen  are  parts  is  kept  in  proper  working  order.  In  this  way 
the  old  personal  touch  between  master  and  men  (which  terms  still 
adhere  in  English  shops)  has  disappeared  entirely.  But  human 
nature  has  not  changed.  That  element  still  exists  in  the  organiza- 
tion, and  if  the  full  strength  of  the  latter  is  to  be  secured  it  must 
be  accorded  recognition.  The  writers  above  mentioned  say  that  no 
matter  how  perfect  may  be  an  accounting  system,  if  it  is  carelessly 
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or  unintelligently  applied,  it  becomes  worse  than  worthless  because 
it  will  be  misleading  in  its  results ;  that  no  matter  how  perfectly 
suited  to  their  purpose  the  machines  or  efficient  in  quality  or  shape 
the  cutting  tools,  unless  they  are  skillfully  manipulated  the  product 
will  be  unsatisfactory,  and  so  in  either  case  the  outcome  of  an 
enterprise  possessing  mediocre  talent  in  its  working  forces  will  be 
jeopardized.  In  order  then  to  insure  a  successful  issue  to  a  manu- 
facturing venture  we  must  look  beyond  the  mechanical  assets  to 
the  qualifications  for  efficient  service  possessed  by  the  organization 
of  supervisors,  clerks  and  operatives;  and  it  will  be  found  that 
its  measure  of  success  will  be  determined  by  the  standard  of  excel- 
lence of  those  qualifications. 

6.  I  do  not  wish,  however,  to  be  understood  as  underrating  the 
value  of  a  high  grade  mechanical  equipment,  for  if  success  is  to 
be  attained  the  equipment  must  be  the  best  of  its  kind  for  the 
purpose.  But  I  do  wish  to  emphasize  the  greater  necessity  of 
possessing  as  highly  efficient  an  organization  as  can  be  secured ;  for 
a  capable  organization  can  make  the  best  of  a  poor  equipment  and 
produce  good  results  whereas  an  incapable  organization  will  not 
only  fail  to  make  a  fine  equipment  productive  of  good  work 
but  probably  in  a  short  time  will  destroy  the  equipment  itself. 

7.  In  his  paper  on  Shop  Management  presented  at  the  Saratoga 
meeting  in  June,  1903,  Mr.  Fred  W.  Taylor  quotes  the  attitude  on 
this  point  taken  by  Mr.  Carnegie,  whom  he  designates  as  having 
been  one  of  the  most  successful  manufacturers  of  this  country, 
and  therefore  to  be  considered  as  an  authority  on  organization 
and  management  Mr.  Carnegie,  when  asked  by  a  number  of 
financiers  whether  he  thought  that  the  difference  between  one 
style  of  organization  and  another  amounted  to  much,  providing 
the  company  had  an  up  to  date  plant  properly  located,  said  in 
effect  that  should  some  great  catastrophe  destroy  all  of  his  mills 
but  spare  his  organization,  which  had  required  many  years  to 
I)erfect,  he  might  be  inconvenienced  temporarily  but  that  he  could 
depend  upon  his  organization  to  re-establish  his  business.  If, 
however,  he  should  lose  his  organization,  even  if  his  mills  which 
were  the  best  in  existence  were  left  intact,  he  would  not  have 
time  nor  strength  to  rehabilitate  himself  in  the  business  world. 
Just  as  we  have,  for  instance,  recently  seen  it  demonstrated  that 
opposing  armies  and  navies  may  have  exactly  the  same  gims,  but 
that  the  side  which  has  behind  its  guns  the  men  of  superior  phy- 
sique, character,  intelligence  and  skill  will  win  the  battle,  so  also  it 
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has  been  proven  that  it  is  not  the  tool  that  determines  either  the 

quantity  or  quality  of  product,  but  the  qualifications  for  efficiency 

issessed  by  the  man  behind  the  tool  who  controls  and  directs  it 

8.  The  lesson  taught  generally  by  the  foremost  enterprises  of  the 
day,  in  their  respective  industries,  is  that  their  success  has  been 
largely  due  to  the  efficiency  of  their  working  forces.  Thus  in 
recent  years  the  importance  of  possessing  a  high  grade  organiza- 
tion has  impressed  itself  more  and  more  upon  the  mind  of  the 
business  manager  so  that  at  the  present  time  this  possession  is  con- 
sidered, by  those  who  are  most  competent  to  judge,  by  far  the  most 
valuable  of  all  commercial  assets. 

9.  Considering  for  a  moment  the  functions  of  the  organization, 
together  with  its  circumscribing  limitations,  it  must  be  recognized 
initially  that  if  one  man  autocratically  dominates  it  its  scope  of 
expansion  can  never  be  any  greater  than  what  he  can  himself  de- 
vise. Also  that  the  character  of  work  which  may  be  realized  from 
the  organization  as  a  whole  will  be  no  better  than  can  be  produced 
by  the  individuals  that  compose  it. 

If  honest  workmanship  is  desired,  honest  workers  will  be  neces- 
sary for  its  accomplishment;  if  quantity  of  output  is  expected, 
skill  and  enthusiastic  devotion  to  duty  must  be  possessed  by  the 
operatives ;  if  improvement  in  processes  and  perfection  of  product 
are  to  be  hoped  for,  the  workers  must  have  intelligence  and  be 
given  suitable  opportunities  for  its  expression;  if  the  organiza- 
tion as  a  whole  is  expected  to  grow,  not  only  in  size  but  in  strength 
and  character,  facilities  must  be  offered  for  the  improvement  of 
the  individuals  and  inducements  made  for  taking  advantage  of 
them;  if  untiring  aggressiveness  against  competition  is  desired, 
absolute  confidence  in  the  enterprise  and  its  product  will  have  to 
be  developed  in  the  organization,  and  if  harmonious  co-operation 
between  departments  and  management  is  to  be  effected,  a  spirit  of 
mutual  helpfulness  must  be  imbued  in  the  individuals  comprising 
them  respectively. 

What  then  are  the  qualifications  with  which  a  high  grade  organi- 
zation should  be  endowed  in  order  to  attain  a  high  standard  of  effi- 
ciency ?  In  as  much  as,  after  all,  an  organization  is  but  a  collection 
of  human  beings,  it  stands  to  reason  that  if  as  an  entity  it  is  to  be 
of  high  grade  the  units  of  which  it  is  composed  must  also  be  of 
thnt  gi'ade.  As,  however,  no  two  organizations  are  governed  in 
their  formation  by  similar  conditions,  each  case  presents  a  prob- 
lem sui  generis  for  the  manager  to  solve,  but  every  case  will  be 
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found  ultimately  to  consist  in  a  study  of  human  nature  in  its 
many  phases,  and  this,  we  have  been  told,  "  is  the  proper  study 
of  mankind." 

10.  The  attributes  which  human  beings  possess  in  common  fall 
into  three  classes;  viz.:  physical,  moral  and  mental.  Those  be- 
longing to  one  or  another  of  these  classes  may  predominate  in  men 
following  different  pursuits  in  life,  but  in  any  manufacturing  en- 
terprise it  is  evident  that  the  physical  attributes  are  the  most  im- 
portant No  matter  how  moral  or  intellectual  a  man  may  be,  if 
he  is  a  weakling,  if  he  has  not  health,  he  cannot  be  an  efficient 
part  of  an  active  organization.  First  of  all,  therefore,  the  mem- 
bers of  the  organization  must  have  health,  they  must  be  strong 
and  vigorous. 

11.  Next  he  must  be  of  high  character,  for  no  matter  how  healthy 
or  intelligent  a  man  may  be  if  he  is  immoral,  i.e.,  if  he  is  dissi- 
pated, if  his  time  outside  of  his  working  hours  is  given  over  to 
intemperance,  gaming,  or  other  forms  of  vice,  his  condition  physi- 
cally and  mentally  while  at  work  cannot  be  such  as  to  qualify  him 
as  an  efficient  member  of  a  high  grade  organization.  His  physical 
and  mental  powers  are  gradually  affected,  his  sense  of  responsi- 
bility weakens,  he  becomes  irregular  in  attendance,  careless  in 
attention  to  his  duties  and  cannot  be  dei)ended  upon. 

12.  And  finally,  it  is  evident  that  given  a  man  of  good  physique 
and  strong  character,  the  higher  his  intelligence  and  skill  in  the 
direction  of  his  duties  the  better  qualified  he  will  be  to  accomplish 
his  daily  tasks,  but  it  is  also  evident  from  the  preceding  consid- 
erations that  important  as  are  these  latter  qualifications  they  must 
be  subordinate  to  the  other  two  and  considered  last  in  relative 
importance. 

1»3.  Now,  I  claim  that  the  ordinary  system  of  management  in 
selecting  and  maintaining  an  organization,  reverses  the  order  in 
which  the  value  of  these  qualifications  for  membership  is  esti- 
mated. 

The  questions  usually  asked  an  applicant  for  employment  are: 

First.  Have  you  had  a  college  education? 

Second.  What  has  been  your  practical  experience? 

Third.  Have  you  ever  been  discharged?     If  so,  what  for? 

Fourth.  Give  a  list  of  people  for  whom  you  have  worked. 

Occasionally:  Are  you  a  drinking  man? 

But  the  self-estimate  of  what  constitutes  a  drinking  man 
makes  the  answer  of  little  worth,  and  scarcely  any  interest  is 
aroused  by  the  amount  of  evasion  displayed  by  the  applicant 
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14.  Although  we  have  seen  that  the  human  asset  is  of  greater 
importance  in  an  industrial  enterprise  than  its  mechanical  pos- 
sessions, I  think  I  can  safely  say  that  infinitely  more  pains  are 
taken  in  obtaining  a  machine  or  tool,  to  see  that  it  is  coYered  by 
detailed  specifications  and  inspected  during  construction  and  be- 
fore acceptance  than  is  given  to  securing  the  man  who  will  be  put 
in  charge  of  it  and  held  accountable  for  results  from  it  afterwards. 
Experts  from  at  least  one  department  and  frequently  from  several 
are  consulted,  and  much  time  and  thought  are  devoted  to  the  oon- 
sideration  of  the  machine,  and  after  it  has  been  secured  and  be- 
come a  listed  possession  considerable  care  is  devoted  to  lessening 
its  subsequent  depreciation  and  it  is  never  discarded  without  pro- 
tracted debate  and  calculation.  On  the  other  hand,  we  rarely 
hear  of  a  recognized  labor  or  employment  department  in  a  shop, 
and  when  there  is  one  it  is  seldom  intelligently  administered. 
Usually  little  care  is  taken  in  the  selection  of  the  men,  and  no 
thought  is  given  to  their  improvement  during  their  time  of  service. 
They  are  taken  on  and  laid  off  without  a  thought  of  consideration 
for  their  welfare  or  convenience,  and  they  frequently  live  with  a 
sword  of  Damocles  hanging  over  them,  continuously  expecting  on 
any  pay-day  to  find  their  discharge  ticket  in  their  envelope.  No 
men  can  work  at  their  best  efficiency  under  these  conditions. 

15.  There  is  one  marked  difference  between  machines  and  the 
men  who  operate  them  which  should  be  noted  here.  Machines, 
no  matter  how  well  they  may  be  cared  for,  depreciate  from  five 
to  ten  per  cent  per  year  owing  to  the  advent  of  other  and  improved 
machines;  while  men,  if  they  are  properly  cared  for,  may  appre- 
ciate in  value  several  hundred  per  cent  in  the  same  time.  Yet 
I  maintain  that  as  a  general  rule  machines  and  tools  are  nurtured, 
fostered  and  preserved  long  after  their  period  of  usefulness  has 
expired,  while  the  permanency  of  service  of  the  men  of  the  organ- 
ization who  operate  them  receives  comparatively  no  consideration 
whatever.  It  cannot  be  expected  that  the  men  of  an  organization 
will  show  any  spontaneous  enthusiasm  for,  interest  in  or  loyalty  to 
a  management  that  openly  displays  so  little  interest  in  their  wel- 
fare. 

16.  I  think  these  statements  are  facts  based  on  the  aphorism  that 
the  exception  proves  the  rule.  For  there  are  exceptions  so  con- 
spicuous as  to  make  the  rank  and  file  of  manufacturing  conooma 
in  this  regard  seem  commonplace. 

17.  I  do  not,  however,  wish  to  find  fault  with  the  care  which  is 
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generally  taken  in  the  selection  and  preservation  of  equipment, 
nor  do  I  wish  to  be  considered  as  casting  reflections  upon  the  lack 
of  consideration  for  the  men  that  has  existed  in  the  past 

18.  Our  ideas  about  the  treatment  of  men  by  those  in  authority 
have  undergone  a  vast  change  in  the  past  few  years.  We  are,  for 
instance,  only  now  beginning  to  realize  that  it  pays  better  to 
educate  our  criminals  than  to  keep  them  in  solitary  confinement ; 
and  our  state  money  is  being  directed  towards  making  our  penal 
institutions  places  where  the  inmates  will  receive  instruction  and 
be  surrounded  by  influences  which  will  make  them  good  citizens 
after  incarceration  instead  of  imposing  punishment  upon  them 
for  the  useless  object  of  satisfying  revenge ;  which  treatment,  hay- 
ing been  f oimd  to  develop  resentment,  tends  to  increase  rather  than 
diminish  the  criminal  proclivity. 

19.  Huxley  says :  "  There  are  two  opposing  methods  at  work  in 
the  government  of  the  world,  respectively,  the  ethical  and  the 
cosmic.  The  practice  of  that  which  is  ethically  best  involves  a 
course  of  conduct  which  in  all  respects  is  opposed  to  that  which 
leads  to  success  in  the  cosmic  struggle  for  existence.  In  place  of 
thrusting  aside  or  treading  down  all  opposition  it  requires  that 
the  individual  shall  not  merely  respect  but  help  his  fellows.  Its 
influence  is  therefore  directed  not  so  much  to  the  survival  of  the 
fittest,  but  the  fitting  of  as  many  as  possible  to  survive." 

20.  The  tendency  of  the  times  now  is  directed  away  from  the 
cosmic  and  towards  the  ethical  method  of  management  in  industrial 
and  commercial  affairs.  We  are  beginning  to  realize  that  no  suc- 
cess counts  which  is  obtained  at  the  expense  of  others;  that  no 
triumph  is  a  real  one  which  is  attained  by  pulling  others  down  or 
by  keeping  them  down;  in  fact,  that  no  life  is  worth  very  much 
which  docs  not  consider  the  welfare  of  others.  The  United  States 
Government,  for  the  first  time  at  any  industrial  exposition,  exhib- 
ite<l  at  St.  Jjowh  last  year  a  largo  nun\l)or  of  photographs  and 
pamphlets  descriptive  of  methods  of  industrial  l>etterment  adopted 
by  leading  manufacturing  concerns  in  this  country,  thus  showing 
the  present  trend  of  thought  in  this  direction.  The  United  States 
Bureau  of  Labor  in  its  report  for  1904  dwells  especially  on  the  in- 
crease in  the  number  of  concerns  which  have  taken  this  advanced 
stand.  Teachers  of  political  economy  in  colleges,  leading  clergy- 
men, lawyers,  statesmen  everywhere  are  advocating  the  adoption 
of  ethical  principles  in  business  dealings.  President  Roosevelt 
voices  this  sentiment  in  his  advocacy  of  giving  the  other  fellow 
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"  the  square  deal,"  which  after  all  is  only  a  modem  way  of  express- 
ing the  Golden  Eule,  which  political  and  social  economists  all  say 
is  the  most  practical  rule  of  life  ever  enunciated. 

21.  The  study  of  cause  and  effect  in  the  example  set  by  those 
concerns  who  have  applied  these  principles  has  demonstrated  that 
they  pay  in  a  financial  way.  This  latter  fact  comes  as  a  surprise 
to  many,  but  so  also  did  the  fact  that  model  tenement  houses  pay 
better  in  the  long  run  than  those  of  the  old  type.  That  establish- 
ments that  have  adopted  these  methods  are  continuing  to  apply 
them  and  are  extending  their  application  is  significant  that  they 
are  pleased  with  their  results.  On  these  general  principles  is 
founded  the  work  which  is  the  function  of  many  industrial  and 
civic  betterment  associations  in  this  country  and  abroad.  One  of 
these,  the  Institute  of  Social  Service,  established  in  New  York  in 
1898,  collaborates  with  similar  institutions  in  the  principal  coun- 
tries of  Europe  and  in  Japan  and  keeps  on  file  photographs,  draw- 
ings, pamphlets  and  books,  illustrating  and  describing  schemes  of 
industrial  betterment,  plans  of  industrial  villages,  improved  hous- 
ing for  employees,  methods  of  heating,  ventilating  and  lighting 
shops,  means  of  preserving  health  in  unwholesome  occupations, 
methods  of  preventing  accidents  by  machinery  and  all  cognate 
subjects.  The  failures  as  well  as  the  successes  are  exhibited  as 
warnings  and  examples  respectively. 

22.  The  National  Civic  Federation  has  established  local  Indus- 
trial Betterment  branches  about  the  country  with  the  object  of 
encouraging  manufacturing  concerns  to  adopt  the  most  approved 
methods  of  organization  and  management  in  the  hope  of  bring- 
ing about  a  better  feeling  between  employer  and  employee.  An 
effort  in  this  latter  direction  must  be  at  the  foundation  of  every 
individual  movement  on  the  part  of  any  manufacturing  concern 
which  desires  to  advance  along  modem  lines.  It  is  only  reasonable 
to  suppose  that  if  employer  and  employee  work  together  for  a  com- 
mon end,  the  enterprise  will  pay  better  than  if  each  works  for  his 
own  interest  simply  with  the  full  persuasion  that  the  other  is  try- 
ing to  get  the  better  of  him.  Co-operation  must  supplant  antago- 
nism to  secure  a  full  meed  of  success.  So  also  of  two  competing 
concerns — the  one  which  gains  the  closest  co-operation  of  its  work- 
ing organization,  other  things  being  equal,  will  have  the  advantage 
in  its  race  for  supremacy.  The  same  law  governs  the  commercial 
supremacy  of  nations. 

23.  Mr.  Alfred  Moseley,  a  rich  philanthropist  of  England,  eorer- 
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cised  over  the  threatened  commercial  supremacy  of  his  country 
by  our  industrial  advance,  brought  here  in  1902  over  twenty  labor 
leaders  of  different  industries  to  investigate  the  difference  between 
American  and  English  industrial  practice. 

24.  His  visits  were  naturally  confined  to  the  representative  shops 
in  the  principal  cities  and  his  report  stated  that  his  observations 
led  him  to  note  the  superiority  of  our  methods; — first,  of  wage 
payment,  largely  by  one  or  another  of  the  merit  systems,  based 
on  the  principle  that  a  certain  portion  of  the  factory  space  was 
occupied  by  each  workman,  which  space  represented  a  certain 
amount  of  invested  capital,  and  as  the  fixed  charges  on  it  were 
the  same  whether  the  workman  did  much  or  little  the  more  work 
he  did  the  better  it  would  be  for  the  company,  and  if  he  was  paid 
properly  the  better  it  would  be  for  him; — second,  of  encourage- 
ment offered  to  develop  the  initiative  of  the  workman  and  to  get 
him  to  suggest  improvements  by  paying  a  premium  on  them; — 
and  third,  of  having  the  individual  workman  operate  as  many 
machines  as  he  could  handle,  and  when  new  and  more  efficient 
machines  come  on  the  market  the  scrapping  of  the  old  ones,  al- 
though they  may  be  comparatively  new. 

25.  Mr.  Carnegie  has  coined  the  happy  simile  that  successful  in- 
dustry is  a  partnership  of  Labor,  Capital  and  Brains ;  like  a  three- 
legged  stool,  the  legs  of  which  are  of  equal  strength,  no  one  supe- 
rior to  the  other.  And  Mr.  Moseley  emphasized  the  advantage  that 
we  obtained  in  our  works  by  encouraging  the  workmen  to  use 
tlieir  brains,  and  by  developing  and  utilizing  the  enormous  amount 
of  expert  knowledge  possessed  by  the  workmen  which  was  not  only 
totally  neglected  in  England  but  absolutely  suppressed  by  the 
attitude  of  the  foremen,  who  feared  that  their  positions  would  be 
in  jeopardy  if  a  workman  showed  that  he  had  any  originality. 

26.  But  Mr.  Moseley  and  his  party  did  not  have  time  to  stray 
very  far  from  the  beaten  path,  and  saw  principally  the  large  and 
representative  and  successful  plants.  There  are  thousands  which 
have  not  as  yet  advanced  to  the  state  he  has  described. 

27.  Influenced,  however,  by  the  example  of  the  leaders  in  thought 
and  action,  many  of  the  latter  have  recently  experioiiced  a  change 
of  sentiment  and  sought  the  co-operation  of  their  eni])loyees.  The 
change  of  attitude  from  one  of  mutual  suspicion  to  one  of  mutual 
respect  and  confidence  is  not  however  effected  either  readily  or 
rapidly.  Traditions  cannot  he  destroyed  by  a  simple  dictum. 
Misunderstandings  occur  in  the  transfer  which  delay  or  offset  the 
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proceedings.  Some  concerns  have  become  discouraged  and  have 
discontinued  the  attempt;  others,  however,  have  succeeded  and 
are  proud  of  their  achievement.  There  is  a  right  way  to  go  about 
it  and  there  arc  many  wrong  ways.  Care  must  be  taken  that  the 
right  kind  of  people  representing  the  management  and  the  men  are 
selected  to  accomplish  the  result. 

28.  Alexander  Hamilton  said  more  than  a  century  ago,  "  A  gov- 
ernment must  be  fitted  to  a  nation  much  as  a  coat  to  the  individual ; 
and  consequently  what  may  be  good  at  Philadelphia  may  be  bad 
at  Paris  and  ridiculed  at  St  Petersburgh."  Similarly  a  system 
of  shop  management  which  is  suited  to  one  industrial  enterprise 
may  work  only  indifferently  in  another  and  be  a  complete  failure 
in  a  third.  This  statement  may  seem  to  be  trite  and  unnecessary, 
but  I  know  from  my  own  experience  that  as  long  as  men  are  con- 
stituted as  they  are,  and  they  have  probably  not  changed  much 
since  the  time  of  Hamilton,  whenever  unusual  conditions  develop 
in  a  shop  under  any  form  of  management,  suggestions  as  to  rem- 
edies which  have  been  successful  elsewhere  are  at  once  made  by 
people  who  are  well  meaning  but  have  no  knowledge  of  the  actual 
situation.  This  is  empirical,  and  Mr.  Charles  Francis  Adams  of 
Boston  in  a  recent  paper  on  Industrial  Conference  says  that  "  in 
these  (industrial)  matters  empiracy  is  of  all  things  to  be  shunned." 
What  is  needed  is  a  careful  study  by  those  whose  knowledge  of 
the  conditions  as  they  exist  constitutes  them  as  most  competent  to 
analyze  the  situation  and  deduce  proper  methods  of  procedure. 

29.  In  any  manufacturing  enterprise  a  standing  committee  on 
which  both  employees  and  management  are  represented,  which 
meets  at  stated  intervals,  is  an  excellent  method  of  "getting  to- 
gether '^  those  who  are  competent  to  act  that  each  may  see  the 
other  side  of  the  shield  and  obtain  the  other's  point  of  view. 

30.  There  are  frequent  occasions  arising  when  the  management 
is  anxious  to  know  what  attitude  the  employees  would  take  in  case 
a  cliange  in  policy  is  made.  On  the  other  hand,  the  employees 
from  time  to  time  wish  to  lay  a  request  before  the  management. 
In  either  case  some  temporary  device  is  usually  resorted  to  to  meet 
the  occasion.  When  a  standing  committee  exists,  however,  a  chan- 
nel of  communication  is  always  open  and  each  side  keeps  thor- 
oughly in  touch  with  the  other  on  all  matters  of  common  interest 
An  honor  system  is  thereby  established  among  the  employees  and 
the  discipline  improves  greatly.  I  have  never  failed  to  see  a 
marked  change  come  over  the  entire  organization  as  it  rose  to  its 
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responsibility  as  soon  as  the  members  felt  that  they  were  accorded 
recognition  as  rational  beings  and  to  be  consulted  on  matters  of 
common  interest  Grenerally  the  rank  and  file  of  the  working  or- 
ganization is  considered  in  the  same  category  as  the  privates  in 
an  army ;  they  are  not  supposed  to  think,  but  to  do  as  someone  above 
them  has  planned.  The  usual  result,  as  might  be  expected,  is  that 
they  do  not  use  their  brains  for  the  benefit  of  the  concern. 

31.  All  questions  regarding  systems  of  wage  payments  should 
come  before  the  standing  committee.  The  introduction  of  any  of 
the  various  merit  systems  can  be  brought  about  in  a  shop  with  little 
difficulty  if  the  subject  is  intelligently  discussed  by  the  committee 
in  advance.  In  this  country  an  appeal  to  reason  is  always  accorded 
sympathetic  reception,  whereas  the  forcible  application  of  a 
policy  based  on  general  assumptions  meets  with  merited  resist- 
ance. And  I  should  say  here  that  as  all  men  work  primarily  for 
their  support,  the  wage  question  is  the  one  which  must  be  settled 
first  and  satisfactorily  before  any  schemes  of  industrial  better- 
ment can  be  effectively  developed.  Men  work  for  wages,  and  will 
go  where  they  can  get  the  most  pay.  But  of  two  concerns,  each 
paying  the  same  wage,  the  one  which  extends  the  better  treatment 
to  its  employees  will  be  favored  by  the  applicants  for  employment 
and  by  judicious  methods  it  can  obtain  the  better  class  of  help. 

32.  Some  work  of  common  interest  must  be  developed  to  engage 
the  attention  of  the  standing  committee  and  the  sub-committees 
which  later  may  be  appointed  to  handle  details.  The  Suggestion 
System  now  so  generally  adopted  by  the  foremost  concerns  is  a 
good  subject  for  the  committee  to  handle.  This  system  develops  in 
the  operatives  the  power  to  observe,  improves  their  capacity  of 
initiative  and  inspires  their  ambition.  It  has  besides  the  great  ad- 
vantage of  being  in  itself  a  paying  institution  both  to  the  employee 
and  the  company,  when  the  latter  pays  well  for  valuable  sug- 
gestions. A  recent  magazine  article  over  the  name  of  the  Welfare 
Manager  of  the  National  Cash  Register  Company,  which  has 
probably  gone  into  industrial  betterment  projects  deeper  than  any 
concern  in  this  country,  says  that  this  system  will  net  his  com- 
pany the  neat  sum  of  $30,000  this  year. 

33.  This  system  may  include  suggestions  from  the  employees  re- 
garding improvements  in  their  o^vn  conditions  of  comfort  and 
work.  No  one  knows  better  than  the  workman  himself  if  he  is 
not  working  under  the  most  comfortable  circumstances,  but  he 
will  naturally  hesitate  to  complain.     Yet  everyone  knows  that  a 
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man  when  comfortable  can  do  better  work  than  when  he  is  un- 
comfortable, and  should  be  given  an  opportunity  to  express  him- 
self regarding  his  condition. 

34.  The  system  should  also  include  su^estions  regarding  im- 
provements in  processes  and  methods  of  work.  The  operative,  if 
encouraged  to  think,  will  soon  effect  gi*eat  savings  in  the  work  at 
which  he  is  more  of  an  expert  than  anyone  else  who  is  not  con- 
stantly engaged  at  it.  I  have  recently  seen  a  product  considerably 
redesigned,  the  process  of  manufacture  simplified  and  made  much 
cheaper,  and  the  company  put  upon  its  feet,  largely  through  the 
introduction  of  the  Suggestion  System. 

Meetings  of  the  foremen  should  be  held  regularly,  and  instruc- 
tion given  to  them  in  the  proper  handling  and  management  of 
men  to  secure  the  best  efficiency  within  the  limits  of  fair  and  just 
treatment.  It  must  be  understood  that  in  order  to  secure  the  best 
quality  of  work  the  mind  of  the  worker  must  be  as  free  as  possible 
from  worry  about  his  position.  Peace  of  mind  cannot  be  main- 
tained while  conditions  exist  which  entail  arbitrary  discharge 
from  service  or  unexpected  reduction  of  wages,  nagging  by  fore- 
men who  are  affected  by  favoritism,  ineffective  facilities  for  ser- 
vice, unpleasant  and  unhealthful  surroundings,  danger  of  acci- 
dents from  unguarded  machinery,  or  loss  of  life  in  inflammable 
buildings  inadequately  supplied  with  means  of  escape.  On  the 
contrary,  credit  should  be  given  to  each  employee  for  every  effort 
to  do  his  part  in  advancing  the  interests  of  the  company.  A  little 
encouragement  at  the  right  time  will  do  much  to  arouse  ambition 
and  enthusiasm,  without  which  nothing  of  moment  is  accom- 
plished. 

35.  I  have  already  shown  that  health,  character  and  intelligence 
in  the  order  named  are  the  essentials  to  be  sought  for  in  selecting 
an  employee,  and  when  found  should  be  fostered  and  improved. 
First,  then,  efforts  should  be  made  to  raise  and  maintain  at  a  high 
grade  the  standard  of  health  of  the  organization.  Gk)od  health 
means  capacity  for  work  both  in  efficiency  when  at  work  and 
through  increased  regularity  of  attendance.  Irregularity  in  attend- 
ance is  one  of  the  banes  of  good  management  and  it  can  be  improved 
only  by  a  careful  investigation  into  its  causes  and  application 
of  the  proper  remedy.  Mutual  Benefit  Associations  are  now  quite 
general;  but  those  where  either  a  doctor  or  trained  nurse  is  en- 
iraged  to  instruct  the  employees  how  to  prevent  sickness  as  well 
as  to  administer  prompt  and  effective  treatment  during  incapacity 
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for  work  are  effective  means  of  raisiug  the  regularity  of  attendance. 
The  latter  can  also  be  effected  by  the  payment  of  a  bonus  annually 
to  those  whose  presence  has  met  a  certain  percentage  of  regularity. 
Instruction  how  to  live  properly,  how  to  cook  simple  food,  how  to 
eat,  bathe  and  sleep,  and  warnings  against  the  use  of  patented 
nostrums  will  tend  to  preserve  the  health  of  the  organization 
and  increase  its  efficiency.  Employees  who  get  a  warm  lunch 
day  in  and  day  out,  year  after  year,  will  do  better  work  after  it 
than  if  they  had  a  cold  one,  and  facilities  for  warming  the  lunch 
can  very  readily  be  supplied.  Means  afforded  for  exercise 
and  amusement  in  the  open  air  at  noon,  especially  when  the 
occupation  is  conffning  and  sedentary  will  also  have  the  same 
effect  The  character  of  the  individual  should  be  a  no  less  im- 
portant consideration  in  the  mind  of  the  employer  than  his  health. 
It  is  very  necessary  to  know  whether  or  not  the  employee  can  be 
relied  upon  in  the  quality  of  his  workmanship  and  in  his  effect 
upon  others  in  the  organization.  Some  managers  say  that  they 
are  not  interested  in  knowing  what  their  employees  do  outside 
of  working  hours.  Some  employees  say  it  is  none  of  the  man- 
ager's business  what  they  do  in  their  own  time.  When  however 
what  the  employees  do  in  their  time  affects  what  they  do  in  their 
employer's  time,  then  it  may  be  to  the  latter's  interest  to  look  into 
such  matters.  What  the  employer  should  desire  is  to  have  as  few 
changes  take  place  in  his  organization  as  possible.  Now  it  should 
be  remembered  that  in  every  factory  there  are  apt  to  be  many 
operatives  who,  because  they  are  strangers  in  the  locality  or  from 
reasons  consequent  to  their  condition  and  circumstances,  have  no 
opiK)rt\inities  for  social  recreation  and  pleasures  and  no  places 
to  go  to  after  working  hours.  Therefore  being  more  or  less  crea- 
tures of  circumstances,  they  drift  into  associations  and  habits 
which  may  be  debasing  in  their  tendencies.  This  sort  of  thing 
leads  to  a  lowering  of  the  status  of  the  organization  through  asso- 
ciation, if  they  remain  in  it,  or  to  an  unsettled  state  if  there  are 
many  changes  due  to  constant  removals.  The  social  instinct  in 
man  causes  him  to  seek  companionship ;  and  if  opportunity  is  given 
the  members  of  the  organization  to  attend  lectures  and  other 
social  gatherings  which  are  attractive  and  at  the  same  time  elevat- 
ing in  their  tendency,  the  whole  fabric  of  the  organization  l)oconu\*^ 
honi()gemH>iiH,  of  high  grade,  and  remains  intact. 

36.  And,  finally,  the  education  of  the  employee  sliould  receive 
the  att<*ntion  it  deserves.  Early  opportunity  should  l>e  seized  to  im- 
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prove  the  mind  of  the  employee  as  he  grows.    The  wider  his  knowl- 
edge, the  better  he  will  perform  his  duties. 

Apprenticeship  schools  in  operation  during  working  hours 
imder  the  charge  of  a  trained  teacher  are  effective  means  of 
developing  the  mentality  of  the  organization  and  at  the  same  time 
of  getting  in  close  touch  with  the  employee  early  in  his  career,  and 
the  longer  he  stays  with  the  concern  and  the  more  money  is  spent 
on  his  improvement  the  more  valuable  he  becomes  as  an  asset  and 
the  greater  tlie  effort  should  be  made  to  retain  him  in  the  organiza- 
tion. Schools  should  be  established  in  the  factory  during  evenings 
for  the  purpose  of  helping  the  employee  to  advance  in  the  organiza- 
tion. Care  should  be  taken,  however,  not  to  coddle  the  organiza- 
tion. Coddling  engenders  weaklings.  Extending  opportunities  so 
that  the  employees  can  help  themselves  develops  self-reliance,  self- 
respect,  and,  at  the  same  time,  regard  for  the  management  Such 
a  policy  promotes  a  strong  and  healthy  organization.  Employees 
are  quick  to  feel  any  interest  taken  in  their  welfare  and  as  quick 
to  reciprocate.  To  increase  the  efficiency  of  an  organization  so 
that  each  employee  is  not  only  a  passenger  in  the  enterprise  but 
effectively  pulls  his  own  weight  is  the  function  of  this  new  field 
of  Industrial  Engineering.  To  do  this  with  a  spirit  of  honesty 
and  fair  dealing  between  employer  and  employee  is  a  delicate 
mission.  It  embraces  a  wide  field  of  activity  in  the  world  of 
advance  in  which  industry  is  the  leading  exponent  Apart  from 
the  practical  results  obtainable  by  the  foregoing  methods  of  man- 
agement, lies  the  fact  that  it  is  by  instituting  only  the  highest 
nietliods  that  employers  are  utilizing  their  privilege  as  men  and 
citizens  to  help  in  the  march  of  mankind  toward  progress  and 
enlightenment 

DISCUSSION. 

3fr,  Jolin  Caliler. — In  the  first  twenty-eight  paragraphs  of  his 
paper  Mr.  Porter  states  a  many-sided  problem  which  presents 
itself  to  industrial  engineering  managers,  viz. :  Apart  from  the 
wage  system — merit  or  otherwise — in  use,  how,  in  view  of  the 
increasing  division  of  labor,  the  magnitude  of  plants  and  the 
specialization  which  marks  industrial  progress,  can  the  unit  of 
production — the  individual  worker — be  best  enlisted,  stimulated 
to  greatest  efficiency,  physical  and  mental,  and  prevented  from 
dropping  out  of  sight  in  the  mass  and  losing  initiative  and  ambition 
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as  a  private  in  one  of  the  great  regiments  which  constitute  the 
rank  and  iile  of  modern  manufacturing  organizations  ? 

Mr.  Porter  concludes  a  general  statement  of  the  problem  with 
a  warning  against  empiricism  in  its  solution  which  will  bear  repe- 
tition. ''  What  is  needed  is  a  careful  study  by  those  whose  knowl- 
edge of  the  conditions  as  they  exist  constitute  them  as  most  com- 
petent to  analyze  the  situation  and  deduce  proper  methods  of 
procedure." 

The  failure  to  observe  this  caution  is  largely  at  the  root  of  the 
non-success  which  sometimes  attends  the  slavish  copying  of  at- 
tractive industrial  betterment  features  from  some  plant  where 
they  evolved  naturally  under  intelligent  oversight,  or  possibly 
where  they  are  merely  superfluous  advertising  features,  and  ap- 
plying them  hastily  with  extravagant  expectations  to  new  condi- 
tions not  ripe  for  the  scheme,  or  possibly  not  suited  in  any  case  for 
the  particular  experiment. 

Hiring  and  labor-reward  practice  are  well  represented  already 
in  the  Society  transactions,  and  to  place  the  discussion  on  a  prac- 
tical basis,  a  few  notes  are  submitted  herewith  on  the  actual  experi- 
ence of  a  factory  management  with  the  detailed  work  of  initiating 
and  forwarding  some  industrial  betterments  such  as  Mr.  Porter 
advocates. 

In  the  work  of  originating  either  technical  or  social  factory 
betterments,  a  standing  shop  committee  is  not  usually  a  success. 
In  administering  well-advised  external  betterments,  however,  the 
more  the  responsibility  can  be  shifted  from  oflScials  to  employees, 
the  better  for  the  scheme. 

At  the  outset  a  clear  distinction  should  be  made  between  the 
limited  but  very  desirable  and  profitable  technical  schemes  appli- 
cable with  success  to  the  internal  affairs  of  any  manufacturing 
establishment  and  the  larger  number  of  less  generally  applicable 
schemes  which  are  conditione<l  by  local  environment.  In  the 
latter  are  embraced  all  physical  and  mental  recreative  schemes 
which  may  be  most  desirable  in  a  village  or  small  town  industry 
monopolizing  the  labor  of  the  place,  and  quite  impracticable 
or  unnecessary  in  a  large  city  where  private  enterprise  in  tl^se 
directions  is  abundant. 

The  chart  api)ended  to  this  discussion  shows  the  relation  which 
internal  and  external  betterment  schemes  bear  to  the  general 
organization  of  a  particular  manufacturing  concern  of  considerable 
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magaitude  which  is  the  largest  industry  of  a  small  town  of  5,000 
inhabitants  and  several  surrounding  villages.  In  the  Remington 
Standard  Typewriter  factory  at  Uion,  New  York,  owned  by 
Messrs.  Wyckoff,  Seamans  &  Benetlict,  the  chief  internal  indus- 
trial betterments  are  the  Badge,  Bonus,  Suggestion  and  First  Aid 
schemes.  Like  many  other  manufacturers  with  large  plants  where 
skilled  labor  is  required,  they  recognize  the  desirability  of  offering 
some  definite  and  perhaps  pecuniary  incentive  to  diligence  and 
faithfulness  and  some  tangible  inducement  for  their  employees 
to  remain  with  them. 

Badge  System, 

The  following  plan,  which  is  considered  to  work  admirably,  has 
been  in  operation  about  three  years: 

All  employees  in  good  standing  whose  connection  with  the  com- 
pany has  remained  unbroken  for  ten  years  are  permitted  to  wear 
while  they  hold  their  positions  a  handsome  service  badge.  The 
badges  are  marked  in  figures  to  distinguish  between  10,  15,  20,  25 
and  ^^0  years'  service.  They  are  also  recognizable  by  their  enamel 
colorings,  green,  red,  blue,  yellow  and  lavender,  respectively,  and 
are  much  prized. 

Bonus  System. 

The  badge  is  not  merely  a  decoration,  but  every  badge  wearer 
continuing  in  good  standing  is  entitled  to  participate  in  the  bonus 
distribution,  which  consists  of  $50.00  in  gold  per  man  semi-annu- 
ally ($100  each  per  year),  contingent  upon  loyal,  diligent,  efficient 
and  uninterrupted  service.  The  fifth  semi-annual  bonus  distri- 
bution took  place  in  the  office  hall  of  the  factory  on  June  30th, 
last,  when  $11,450  was  distributed  among  229  employees.  Of 
these,  3  had  served  30  years;  2,  25  years;  28,  20  years;  101,  15 
years,  and  05,  10  years.  To  attain  a  bonus  reward  is  the  earnest 
aim  of  all  badge  wearers,  who  are  naturally  desirous  also  of  hav- 
ing the  same  distinction  at  each  semi-annual  distribution. 

SfKJf/rStiofl    Sf/sf^'?/f . 

Tlie  badge  and  bonus  systems  are  restricted  in  their  application 
by  length  and  general  (juality  of  service.  In  the  prizes  for  good 
suggestions,  provision  is  made  to  encourage  and  reward  thought- 
fulness  and  ingenuity  among  all  employees,  including  bonus 
ri5cipients;  salaried  officials,  including  foremen,  alone  being  ex- 
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cepted.  The  latter  are  expects,  in  view  of  their  compensation, 
to  give  all  their  time  and  ability  to  the  company,  exceptional  serv- 
ice from  them  being  recognized  in  other  ways;  one  in  particular 
being  the  mention  by  name  of  each  foreman  or  assistant  foreman 
and  the  suggestions  from  him  adopted  during  any  month  in  the 
*^  Remington  Factory  Bulletin,"  a  mimeographed  magazine  issued 
on  the  first  of  each  month,  and  which  contains,  in  addition,  factory 
announcements  of  a  special  character  and  a  diary  of  business  inci- 
dents  calculated  to  stimulate  interest  in  the  aflfairs  of  the  corpo- 
ration. 

Full  details  of  the  prize  system  for  ordinary  employees  are 
announced  to  them  in  printed  bulletins  and  framed  certificates  of 
award  are  given.  The  certificates  and  prizes  in  gold  are  pre- 
sented before  the  assembled  employees  in  July  and  at  Christmas, 
when  the  semi-annual  bonuses  are  being  also  distributed. 

The  good  suggestions  received  range  over  a  large  field  of  labor, 
clerical,  superintending  and  manual,  and  vary  considerably  in 
value.  They  embrace  saving  of  material,  utilization  of  wastes, 
substitution  of  machine  for  hand  operations,  improvement  of 
manufacturing  tools  and  fixtures,  modifications  in  design  of  pieces 
to  economize  labor  and  time,  new  ideas  in  the  line  of  the  prod- 
uct,  fire  protection,  sanitation,  improvement  of  the  system  under 
which  the  factory  is  organized  and  operated,  and  of  the  forms 
and  routine  involved.  The  suggestions  adopted  from  foremen 
alone  for  the  last  five  months  are  102  in  number  and  are  all 
cost-reducing. 

All  suggestions  indicate,  however,  that  the  employees  are  work- 
ing with  their  heads  as  well  {is  their  hands,  and  the  publication 
of  results  tends  to  raise  the  intellectual  interest  of  the  whole  force. 

No  single  award  is  made  of  less  value  than  $20.00  in  gold. 
Sometimes  a  high  award  may  take  the  form  of  a  free  scholarship 
in  a  correspondence  school  course.  It  is  better  to  mass  a  number 
of  relatively  small  suggestions  from  one  employee  before  making 
an  award  than,  as  is  sometimes  done,  to  make  the  scheme  appear 
somewhat  petty  by  prizes  as  low  as  $1.00. 

All  successful  good  suggestion  schemes  require  as  an  indispen- 
sable prerequisite  the  possession  of  absolute  confidence  by  the  fore 
men  and  employees  alike  in  the  management  and  higher  officials. 
Where  the  latter  are  new,  it  is  wiser  to  encourage  suggestions,  as 
occasion  offers,  by  actual  contact  with  individual  employees. 

When  mutual  acquaintance  is  set  up  and  confidence  established, 
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suggestion  boxes,  notices,  awards  and  certificates  will  form  the 
machinery  of  communication,  but  the  mere  provision  of  apparatus 
may  prove  absolutely  barren  of  result. 

First  Aid  System. 

An  employee  with  medical  training,  who  was  disabled  by  an 
accident  from  practicing,  is  at  immediate  call  in  a  central  depart- 
ment, where  he  has  clerical  duties,  and  has  charge  of  the  First 
Aid  Eoom  and  apparatus.  Minor  bruises  and  cuts  cause  hardly 
any  cessation  of  work  now,  where  formerly  they  would  be  an 
excuse  for  a  day  or  two's  absence,  and  a  valuable  accident  register 
is  kept  in  conjunction  with  first  aid  treatment. 

External  Social  Betterments. 

In  addition  to  a  suite  of  twenty  very  handsome  bath  rooms, 
patronized  very  largely  on  Saturdays  and  Sundays  by  those  who 
occupy  the  less  modern  type  of  dwelling,  a  typewriter  band  and 
a  fine  free  library  building  (presented  to  the  town  of  Ilion  by 
one  of  the  founders  of  the  business — Mr.  Clarence  W.  Seamans), 
maintained  by  taxation,  the  external  betterment  work  is  chiefly 
recreative. 

Recreative. 

Great  interest  is  taken  by  the  corporation  in  the  physical  wel- 
fare of  its  employees,  and  special  encouragement  is  offered  to 
out-door  sports  and  exercise.  Only  recently  a  baseball  and  ath- 
letic park  was  fitted  up,  graded,  etc.,  and  fonnally  tendered  for 
the  use  of  the  Typewriter  Baseball  League,  which  is  composed 
of  teams  from  different  departments  of  the  works.  Stands  were 
built  to  accommodate  700,  and,  as  the  field  covers  15  acres,  it 
is  amply  large  to  supply  all  requirements  of  the  employees 
in  the  way  of  a  playground.  The  company  believes  in  play, 
and  holds  that  those  who  work  together  should  have  an  op- 
portunity to  play  together.  In  order  that  the  recreiition  shall 
be  most  beneficial,  it  is  so  organized  as  to  bring  about  the  par- 
ticipation of  the  greatest  possible  number.  Therefore,  no  effort 
is  made  to  create  and  support  one  skillful  team  merely  to  meet 
outsiders  and  supply  amusement,  but  seven  departmental  teams 
contending  among  themselves  for  the  Seamans  basel)all  challenge 
trophy — a  beautiful  silver  vase — together  with  their  substitutes 
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and  practicing  followers,  insure  the  sharing  of  a  considerable 
amount  of  exercise  and  enjoyment  throughout  the  works. 

The  suggestion  and  the  provision  of  the  necessary  ground  and 
stands  and  of  the  challenge  trophy  by  the  corporation  was  all 
that  was  needed  after  it  was  realized  that  the  officials  were  sym- 
pathetic and  would  themselves  participate.  Everything  else  in 
connection  with  the  recreation  movements  was  successfully  organ- 
ized, financed  and  carried  out  by  various  committees  of  the  em- 
ployees, including  an  annual  Field  Day,  with  an  attendance  of 
3,000  persons.  A  flourishing  Cricket  Club  of  65  members  offers 
less  intense  sport  for  the  officials,  foremen  and  older  employees. 
The  principle  underlying  success  in  such  work  wiU  bear  repeating. 
Do  not  copy  other  schemes.  Study  your  own  conditions  carefully. 
Let  the  management  plan,  suggest  and  encourage.  Schemes  will 
not  usually  originate  in  the  shops,  but  when  they  are  started,  do 
not  officially  finance  or  conduct  any  arrangements  which  the  em- 
ployees can  possibly  carry  out  themselves. 

Mi\  lluijo  Diemer, — From  the  shop  owner's  standpoint,  the 
ideals  to  be  realized  in  industrial  engineering  are: 

1.  The  producing  of  a  marketable  product  which  will  command 
the  highest  price  of  any  shnilar  product  in  its  class. 

2.  The  producing  of  the  largest  possible  quantity  of  this  article 
at  the  lowest  ])ossible  cost. 

With  the  development  of  a  better  educated  and  more  enlight- 
ened purchiising  class  it  is  coming  to  pass  that  the  shop  owner 
is  beginning  to  feel  that  in  order  to  realize  the  first  named  ideal, 
the  quality  of  his  product  must  be  continually  improving.  The 
most  marketable  steam  engine  or  machine  tool  of  to-day  is  a 
product  of  much  higher  quality  than  that  which  was  the  most 
marketable  but  a  few  years  ago.  This  realization  has  resulted 
in  better  machinery  and  in  the  employment  of  better  designing 
talent,  and  is  the  reason  for  the  creation  of  the  positions  held  by 
a  great  many  of  our  members. 

The  second  business  ideal,  namely,  the  producing  of  the  largest 
possible  output  at  the  lowest  possible  cost,  involves  not  only 
mechanical  design  and  equipment,  but  the  element  of  human 
activity.  The  need  for  pronounced  emphasis  on  this  element 
appears  to  have  been  felt  thus  far  by  but  few  manufacturers. 
The  standpoint  of  advantage  to  the  shop  owner  is  the  only  point 
of  view  from  wliich  the  engineer  can  consider  welfare  and  better- 
ment propositions.     There  are  several  phases  of  the  human  side 
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of  the  shop  that  are  distinctly  engineering  problems.     Among 
these  I  would  place  first: 

Employees^  Efficiency  Records. 

Human  activity  is  the  most  variable  of  all  factors  that  enter 
into  a  study  of  manufacturing  economy.  It  is  certainly  within 
the  engineer's  province  to  prepare  and  keep  efficiency  records  of 
men  as  well  as  of  machines.  The  machinery  record  of  a  modern 
shop  will  list  every  machine  tool,  its  original  cost,  its  expenses  of 
maintenance,  repairs,  and  depreciation,  and  such  data  as  may  be 
desirable  regarding  speeds,  methods  of  operation,  etc. 

A  well-conducted  shop  will  keep  efficiency  records  of  employees 
in  the  ranks  that  will  enable  the  manager  to  encourage  and  keep 
the  best  workers  and  weed  out  the  bad  ones.  Many  shops  have 
an  employment  record  giving  sundry  details  as  to  a  man's  street  ad- 
dress, previous  employment,  the  size  of  his  family,  etc.,  but  I  have 
seen  few  of  even  such  meager  records  which  are  kept  intelligently 
and  in  good  order,  and  which  are  ever  studied  or  even  frequently 
consulted.  I  have  introduced  individual  workmen's  records  show- 
ing each  man's  successes  and  failures  in  merit  wage  systems,  but  I 
have  found  it  difficult  to  secure  the  careful  study  of  these  elH- 
ciency  records  which  should  be  accorded  them  by  persons  in 
authority.  What  use  can  be  made  of  such  records?  If  we  dis- 
charge the  inefficient  workers,  what  guarantee  have  we  that  new 
men  will  be  more  efficient  ?  This  is  true,  but  our  efficiency  rec- 
ords reveal  which  men  need  to  be  given  a  chance  to  do  better 
work,  and  show  also  which  men  in  the  shop  are  most  capable  of 
showing  them.  A  working  man  will  take  more  kindly  to  a 
demonstrator  selected  from  among  his  peers  and  fellows  than  to 
a  speed  boss  or  speed  expert  hired  from  abroiid.  It  is  easy  to  pick 
out  in  a  machine  shop  one's  best  milling  machine  hand,  the  best 
lathe  hand,  the  best  drill  press  hand,  and  by  paying  a  higher 
hourly  rate  while  on  demonstrating  work,  to  have  them  serve  as 
instructors  to  the  less  capable  men.  The  great  majority  of  men 
who  have  fallen  below  a  standard  of  good  performance  will  make 
a  success  of  their  tasks  when  helpeil  in  this  way. 

The  second  phase  of  the  human  side  of  the  shop  which  the 
engineer  shouhl  handle  is  the  apprenticeship  system.  There  have 
been  excellent  discussions  before  this  Society  on  this  subject,  and 
yet  the  apprenticeship  system  in  most  shops  is  a  farce. 

Mr.  Porter  shows  that  the  realization  of  certain  ideals  of  i)oliti- 
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cal  economy  go  band  in  hand  with  the  development  of  a  disposition 
on  the  part  of  the  employees  to  become  better  help.  To  make 
better  men  and  women  of  the  rank  and  file  is  a  great  fundamental 
step.  Give  them  better  air  and  better  surroundings  and  they 
will  have  better  health  and  better  dispositions. 

But  we  must  do  more  than  this.  We  must  have  better  crafts- 
men with  better  technique  in  their  trades.  It  is  right  here  that 
we  are  weakest,  and  it  is  here  that  we  will  first  feel  foreign  com- 
petition. The  all-around  machinist  is  almost  extinct— the  man 
who  knows  how  to  get  best  results  out  of  a  lathe,  a  milling 
machine,  a  planer,  a  shaper,  a  drill  press  and  a  boring  mill.  Ma- 
chine-shop foremen  who  have  advanced  from  the  ranks  are  as 
a  rule  men  who  are  proficient  on  but  one  tool,  and  are  not  com- 
petent judges  of  the  best  way  to  do  work  on  all  the  different 
machines  even  in  their  own  departments.  The  great  majority 
of  the  workmen  in  shops  to-day  have  not  had  any  schooling  be- 
yond the  seventh  or  eighth  grade.  Their  shop  apprenticeship  has 
not  made  them  all-around  craftsmen.  The  philanthropy  expended 
in  the  erection  of  manual  training  high  schools  has  failed  to  reach 
the  great  mass  of  working  people,  who  never  get  that  far  along 
in  school  life.  It  is  this  great  majority  of  our  people  who  never 
get  beyond  the  seventh  or  eighth  grade  of  school  that  are  most 
in  need  of  further  trade  education  to  make  them  better  crafts- 
men. There  is  certainly  tremendous  need  for  the  establishment 
of  real  trades  schools  with  the  best  obtainable  really  practical 
instructors  for  this  great  class  of  working  people. 

When  we  talk  of  betterment  of  employees,  the  above  two  fields 
of  effort  which  I  have  mentioned  are  not  usually  thought  of.  We 
associate  the  terms  "Welfare"  and  *'  Betterment"  immediately 
with  company  contributions  of  a  philanthropic  nature  to  a  great 
annual  picnic,  Saturday  afternoon  baseball,  benefit  society  funds, 
and  similar  matters. 

In  regard  to  the  workingman's  home  life  and  his  habits,  he 
does  not  want  these  interfered  witli.  However,  time  and  again 
workingmen  have  expressed  themselves  to  me  in  regard  to  their 
wishes  for  better  home  surroundings.  They  complain  to  me  in 
the  same  way  in  various  cities,  that  civic  improvements  are  made 
in  those  parts  of  a  city  occupied  by  the  homes  of  the  well-to-do. 
There,  they  say,  wo  find  paved  streets,  good  sidewalks,  shade 
trees,  water,  sewer  connections,  electric  lights,  gas  and  street 
sprinkling,  while  the  workingmen's  homes  are  on  dark,  muddy 
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streets;  no  trees,  no  sewers,  no  paving,  poor  sidewalks.  Work- 
ingmen  complain  to  me  that  manufacturers  are  willing  to  spend 
time  and  money  to  influence  councils  to  secure  switches  and  to 
secure  election  to  public  office  of  men  pledged  to  grant  their 
corporation  special  privileges,  and  the  workingman  would  like 
to  see  these  same  influences  at  work  to  secure  public  betterment 
of  his  home  surroundings.  This  phase  of  the  question  is  one  that 
can  hardly  be  controlled  by  the  engineer  within  the  walls  of  the 
shop,  but  it  is  well  worth  the  thought  of  the  shop  owner. 

The  greatest  successes  in  social  betterment  work  in  connection 
with  factories  have  been  accomplished  in  shops  where  the  work 
is  light,  such  as  the  manufacture  of  breakfast  foods,  chocolate, 
cash  registers,  bed  springs,  etc.  The  employees  in  these  shops 
are  more  easily  reached  than  are  the  workers  in  the  foundry,  the 
forge  shop,  and  the  heavy  machine  shop.  I  have  attended  enter- 
tainments of  a  high  order,  given  without  charge  by  the  owners 
of  one  of  the  largest  shops  in  Chicago,  and  under  the  auspices  of 
skilled  social  settlement  workers.  Yet  they  failed  to  reach  the 
men.  I  have  in  mind  particularly  one  evening  when  the  enter- 
tainment was  a  lecture  on  the  Klondike,  preceded  and  followed 
by  music  by  the  shop  band.  With  many  thousands  to  draw  from, 
there  was  but  a  half  dozen  men  outside  the  band  present.  The 
lecture  was  intensely  interesting  to  me;  yet  one  after  another 
the  men  went  to  sleep.  There  were  two  reasons  for  this:  First, 
the  men  were  physically  exhausteil;  secondly,  it  was  not  the  type 
of  entertainment  that  appealed.  When  the  orchestra  struck  up 
it  was  with  vigor  and  abandon,  and  the  men  came  to  ''  attention  " 
at  once.  This  same  large  shop,  assisted  by  private  donations  from 
large  stockholders,  instituted  much  betterment  work,  including 
a  manual  training  school  for  the  children  of  the  employees.  A 
minor  feature  that  was  a  good  one  was  the  distribution  from  a 
truck  of  bottles  of  pure  sterilized  milk  sold  at  cost.  But  the 
greatest  difficulty  encountered  here,  as  in  the  heavy  steel  indus- 
tries about  Pittsburgh,  is  the  handling  of  the  adult  workman 
engjiged  in  heavy  lalmr.  The  Pittsburgh  district  abounds  with 
mat^niflcent  club  buildings  provided  with  libraries,  gymnasiums, 
social  features,  etc.,  open  to  the  laborer  who  wishes  to  avail 
himself  of  their  opportunities,  and  yet  these  institutions  fail  to 
reach  those  who  most  need  uplifting.  These  clubs  are  taken 
advantage  of  by  the  young  college-educated  apprentices,  shop 
clerks  and  some  few   of  the  young  men  of  the  higher  grade 
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mechanic  class.  I  should  like  to  hear  of  successful  plans  for 
reaching  the  heavy  labor  class,  plans  which  have  resulted  in  con- 
tinuous and  permanent  good. 

I  wish  to  add  just  a  word  in  regard  to  the  efficacy  of  "  Sugges- 
tion "  systems.  A  suggestion  system  can  be  made  of  benefit  in 
any  shop,  even  a  small  one,  but  only  if  handled  systematically  and 
intelligently.  The  men  need  to  have  the  benefits  of  the  sugges- 
tion scheme  kept  continually  before  them.  This  can  be  done  by 
handing  out  each  month  individual  slips  to  every  employee  an- 
nouncing the  prizes  for  the  coming  month.  Another  means  is 
the  printing  on  the  time  slips  that  show  the  workmen's  gains  or 
losses  under  a  merit  wage  system,  of  a  few  words  calling  atten- 
tion to  the  suggestion  scheme,  as,  for  instance,  ^'  We  are  always 
glad  to  have  our  men  make  suggestions  for  changes  in  fixtures, 
appliances  and  tools  to  facilitate  the  work.  If  an  idea  occurs  to 
you,  write  it  out  and  put  it  in  Suggestion  Box.  Prizes  are  offered 
for  the  best  suggestions."  Suggestions  should  be  acknowledged 
by  a  personal  letter  to  everyone  making  a  suggestion.  Awards 
must  be  intelligently  made  by  competent  judges.  Suggestions 
adopted  should  be  put  into  effect  promptly.  Foremen  should 
be  made  participants  in  the  suggestion  scheme  on  a  different 
footing  from  the  men. 

Mr.  Porter  has  certainly  presented  to  us  a  phase  of  the  labor 
problem  which  is  well  worthy  of  careful  attention  by  the  engineer 
to  whom  is  entrusted  the  problem  of  successful  shop  management. 
Mr.  John  T.  Haxokins. — Upon  i>erusal  of  Mr.  Porter's  paper 
I  recognize  in  it  still  another  of  the  several  papers  read  before 
this  Society  in  more  or  less  recent  sessions,  having  for  their 
praiseworthy  object  economic  improvement  in  the  industrial 
world;  but,  like  its  predecessors,  not  only  does  it  not  show  us 
the  way  to  the  ideals  desired,  but  if  realization  of  these  ideals  is 
attempted,  we  or  they  are  at  once  '^  up  against" — to  use  a  very 
expressive  colloquialism — one  thing  more  formidable  than  all  the 
unfulfilled  desiderata  they  labor  so  hard  to  present  to  our  anxious 
minds. 

These  and  similar  attempts  to  improve  industrial  economics  are 
only  gaining  at  the  spigot  with  the  bung  out,  while  in  the  face 
of  trade  unionism  and  its  acts,  professions,  aims  and  powers. 

A  large  proportion  of  those  most  vitally  interested  in  industrial 
advancement  have  too  long  been  mealy-mouthed  about  trade 
unionism;  while  even  after  some  little  amelioration  of  its  worst 


REALIZATION  OF  IDEALS   IN   INDUSTRIAL   ENGINEERING.      367 

and  most  indefensible  features  in  later  years,  it  still  stands  an 
inexorable  ogre  in  the  pathway  of  industrial  progress. 

There  is  no  worse  part  of  the  trade  union  traditions,  principles 
and  everyday  practice — Mr.  Gompers  to  the  contrary,  notwith- 
standing— than  their  palpable,  and  to  a  great  extent  acknowledged, 
aim  to  reduce  ^'  productivity  "  and  to  keep  it  at  a  minimum,  not 
only  quantitatively,  but  qualitatively  as  well.  The  New  York 
Sun  has  recently,  editorially  and  cogently,  said:  ^^  One  of  the 
falsest  arguments  of  unionism  is  that  an  increased  individual  eflS- 
ciency,  or  productivity,  would  restrict  the  demand  for  labor. 
Its  claim  is  that  the  competent  must  be  restrained  or  an  army  ot 
incompetents  will  starve  for  lack  of  work."  And  again,  in  criti- 
cism of  a  paper  by  Professor  Laughlin,  in  the  November  number 
of  Scribner's  Magazine,  it  well  says:  "  Professor  Laughlin,  in  what 
he  calls  the  principle  of  productivity,  the  only  wise  and  right 
solution  of  the  labor  union  question,  refers  to  this  as  the  new 
policy  and  as  the  new  proposals."  While  there  would  be  a  meas- 
ure of  novelty  in  its  adoption  as  the  dominant  tenet  of  labor 
unionism,  there  is  no  novelty  in  the  principles  involved  in  the 
proposition.  That  was  stated  thousands  of  years  ago  when  a 
wise  man  said:  "  Seest  thou  a  man  diligent  in  his  business?  He 
shall  stand  before  Kings."  And  herein  lies  the  gist  and  grava- 
men of  the  generalization  that,  until  the  industrial  world  can 
succeed  in  transforming  trade  unions  into  instruments  for  the 
increase  of  productivity,  instead  of  as  now  and  in  the  past,  instru- 
ments for  the  minimization  of  product,  or,  what  amounts  to  the 
«ime  thing,  increasing  its  cost,  all  our  fine  spun  theories  and 
argumentative,  on  even  practical  refinements  looking  to  the  clip- 
ping off  of  a  fraction  of  cost  here,  or  improving  some  apparatus  in 
caj)acity  to  ])roduce  a  fraction  more  there,  or  for  the  introduction 
of  some  well  considered  shop  organization  with  the  same  end  in 
view, — all  go  for  naught,  and  must  continue  so  to  do  so  long  as 
the  giant  of  labor  unionism  stands  in  the  way,  ready  and  powerful 
to  block  the  road.  Professor  Laughlin  says,  ''  By  productivity 
is  nie^int  the  practical  ability  to  add  to  the  product  turned  out  in 
any  industry,"  and  the  Sun  goes  on  to  say:  ^*This  covers,  or 
Hhould  cover,  quality  as  well  as  (juantity.  The  article  is  reducible 
to  a  proposition  that  unionism,  to  achieve  a  real  and  not  a  fictitious 
success,  must  make  labor  efficiency  its  standard  and  its  goal,  rather 
than  labor  monopoly,  either  actual  or  artificial.  Unionism  prates 
much  about  improving  the  conditions  of  the  wage  earner.     Tak- 
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ing  its  conduct  rather  than  its  words  as  an  indication  of  its  real 
belief,  unionism  sees  in  more  money  and  less  work  the  only  path- 
way to  improvement.  It  seeks  to  open  that  pathway  with  the 
club  of  monopol\\ 

"  The  unionism  of  to-day  neeils  nothing  else  so  much  as  it  needs 
leaders  who  will  preach  to  their  followers  the  gospel  of  efficiency, 
of  *  Productivity.'  The  man  whose  daily  output  exceeds  in  quan- 
tity or  in  quality  the  product  of  the  average  of  his  fellow  workers 
h{is  that  for  which  employers  stand  always  ready  to  pay  a  wage 
which  is  even  above  the  ^  wage  scale '  demanded  by  unionism. 
The  protest  of  employers  is  against  the  demand  that  the  loafer 
and  the  incompetent,  merely  because  they  hold  a  union  card, 
shall  l)e  paid  on  the  basis  of  highest  efficiency.  There  is  also  pro- 
test against  artificial  restriction  of  labor  supply  in  given  lines. 
Unionism  fails  to  see  how  its  present  policy  in  many  ways  reacts 
upon  labor  itself  through  an  increase  in  the  cost  of  articles  of 
daily  need  and  consum])tion  greater  than  that  })ermitted  by  the 
laws  of  competition  to  employers  in.  the  form  of  profits.*' 

One  very  im})ortant  feature  in  the  increased  cost  of  production 
through  the  operations  of  labor  unions,  without  pecuniary  benefits 
to  wage  earners,  and  which  has  been  given  too  little  notice  in 
discussions  on  this  subject,  is  the  enormous  amount  of  money 
required  to  meet  the  expenses  of  unionism;  dues  and  assessments 
on  members  to  provide  the  union  treasuries  wherew^ith  to  hire 
halls,  ])ay  walking  delegates — in  these  later  days  euphemistically 
»  calletl  business  agents — salaries  of  leaders  and  sub-leaders,  and 

;  last,  but  not  least,  to  support  in  idleness  men  on  strikes;  all  these 

j  constitute  a  charge  upon  product  in  shape  of  increased  wages  in 

I  which  the  workman  has  no  share.     It  is  so  much  added  to  the 

I  cost  of  product  and  an  exact  equivalent  in  reduction  of  productiv- 

ity. The  price  then  becomes  so  much  greater  to  the  consumer, 
and  as  every  producer  is  also  a  consumer,  the  wage  earner  is 
inevitably  a  i)ecuniary  loser,  while  he  assists  in  the  nullification 
of  the  efforts  of  genius  and  capacity  to  reduce  the  cost  to  him  of 
what  he  consumes. 

Referring  to  ])aragrai)h  7  of  Mr.  Porter's  paper,  Mr.  Carnegie 
is  reported,  as  between  two  evils,  ])refeiTing  the  loss  of  his  plant 
to  that  of  his  organization,  liut  Mr.  Carnegie  never  permitted 
himself  to  be  controlletl  by  the  labor  unions,  otherwise  he  would 
probably  have  preferred  the  loss  of  his  organization  and  to  keep 
his  plant  to  be  run  by  a  better  one. 
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From  paragraph  8  I  quote:  ^'The  lesson  taught  generally  by 
the  foremost  enterprises  of  the  day,  in  their  respective  industries, 
is  that  their  success  has  been  largely  due  to  the  efficiency  of  their 
working  forces,"  and  the  author  might  have  added  that  the 
efficiency  of  these  forces  is  directly  proportionate  to  the  degree 
of  freedom  they  enjoy  from  the  control  of  labor  unions. 

In  paragraph  9  Mr.  Porter  says:  *'If  honest  workmanship  is 
desired,  honest  workers  will  be  necessary  for  its  accomplishment; 
if  quantity  of  output  is  expected,  skill  and  enthusiastic  devotion 
to  duty  must  be  possessed  by  the  operatives."  Truth!  self-evi- 
dent truth !  But  how  is  this  to  be  expected  from  men  who  in  secret 
meeting  not  only  encourage  the  minimization  of  productivity,  but 
appoint  men  in  your  own  shop  whose  duty  to  the  union  is  to  see 
that  your  men  do  not  exceed  a  limit  of  production  set,  not  by  you 
nor  by  the  individual  workman,  but  by  the  edict  of  the  union  ? 
What  sort  of  enthusiastic  devotion  to  duty  is  to  be  looked  for  in 
what  has  come  to  be  known  as  the  ^'  closed  shops  "  (a  most  felici- 
tous title),  for  such  are  closed  to  all  progress  and  advancement  for 
employer  and  employee  alike?  We  may  imagine  the  devotion 
to  duty  in  such  a  shop  when  the  employer  is  obliged  to  tell  a 
customer  that  he  could  not  quote  him  figures  on  a  certain  product 
in  his  line  until  he  ascertained  from  the  union  how  many  of  the 
pieces  required  it  would  allow  a  man  to  make  for  a  day's  work, 
which  actually  happened  to  the  writer.  Mr.  Porter  should  have 
added  to  this  paragraph:  ''  But  please,  gentlemen,  do  not  expect 
to  achieve  what  I  have  just  described  unless  you  are  in  absolute 
freedom  from  the  control  or  dictation  of  the  labor  unions;  "  and 
he  should  add  to  his  four  questions,  paragraph  13:  ''Are  you  a 
member  of  a  labor  union  ?  and  if  so,  shall  you  deem  it  your  duty 
to  your  employer  to  do  the  best  that  in  you  lies,  both  as  to  quan- 
tity and  quality  of  product,  or  shall  you  be  guided  in  these  mat- 
ters by  what  your  union  may  prescribe?  " 

Paragraph  29  describes  what  would  be  ''an  excellent  method 
of  getting  together  "  of  employers  and  workmen — in  the  absence 
of  labor  unions,  which  latter  institutions  the  paper  never  once 
mentions;  but  what  might  we  expect  from  standing  committees 
of  workmen  in  a  closed  shop  on  one  side  and  the  management  on 
the  other,  if  the  first  be  governed,  as  they  would  be,  in  secret 
me<»tings  of  the  unions  where  the  management  can  never  have 
a  word  to  say  ? 

The  first  prerequisite  to  anything  like  mutual  conferences  be- 
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tween  workmen  and  their  employers,  having  for  their  object 
their  mutual  good,  must  be  the  disarming  of  the  labor  unions  of 
the  club  or  clubs  with  which,  as  the  New  York  Sun  says,  "  they 
seek  to  open  a  pathway  to  monopoly."  The  closed  shop,  the 
cowardly  boycott  and  its  no  less  cowardly  congener,  the  unfair 
list,  so  called,  the  limitation  of  apprentices,  opposition  to  trade 
schools,  the  sympathetic  strike,  the  persistent  and  traditional 
efforts  of  the  labor  unions  to  emasculate  labor-saving  devices  and 
methods,  are  some  of  the  clubs  which  must  be  wrested  or  reasoned 
out  of  the  hands  of  wage  earners  before  we  can  hope  to  improve 
the  economics  of  the  industrial  world  by  any  such  means  as  are 
advocated  in  this  and  cognate  papers. 

That  greatest  of  their  clubs,  the  closed  shop,  has  been  wielded 
by  the  unions  with  such  effect,  that  the  employers  of  the  coun- 
try, seeing  that  their  very  existence  was  at  stake,  have  taken 
a  stand  into  which  they  have  been  forced- by  that  labor  union  club, 
and  already  the  day  is  breaking,  promising  an  early  release  from 
this  worst  of  all  tyrannies. 

The  industrial  world  must  take  the  stand  that  every  ^^  shop  "  of 
industry  must  be  an  open  one;  then  we  may  be  able  by  confer- 
ences or  otherwise  to  convince  wage  earners  of  the  error  of  union- 
ism as  now  carried  on,  and  finally  bring  about  that  fraternity 
between  employer  and  employed  so  much  to  be  desired,  and  which 
would  surely  result  in  gretit  gain  to  both,  pecuniarily  and  other- 
wise. Then,  and  not  till  then,  may  we  achieve  such  industrial 
progress  as  is  looked  for  in  the  paper  of  Mr.  Porter,  and  others 
with  similar  aims,  which  have  been  read  before  this  Society,  it 
will  be  worse  than  useless  to  rack  our  brains  over  any  form  of 
industrial  advancement  which  does  not  first  squarely  face  the 
very  discordant  music  of  the  trade  union  band.  Until  this  kind 
of  a  stand  is  taken  we  may  not  hope  even  to  approach  a  realiza- 
tion of  our  ideals  in  industrial  engineering. 

Mr.  W.  S.  Rogers. — I  must  plead  to  an  emphatic  coolness  of 
interest  respecting  the  so-called  ideals  in  industrial  engineering. 
They  make  the  most  valuable  sort  of  reading  advertisements  ever 
given  to  a  magazine  artist,  but  I  have  little  use  for  the  whole 
affair. 

I  am  interested  in  a  factory,  beautifully  located,  1,200  feet 
above  sea  level,  three  miles  from  one  of  the  most  attractive  sum- 
mer resorts  in  Connecticut,  and  an  ideal  place  for  a  tired  working 
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man  to  enjoy  life.  I  want  a  good  machinist  and  advertise  for  him. 
Of  a  batch  of  125  replies,  perhaps  sixty  men  come  to  see  the  place. 
One-half  of  these  go  back  within  two  hours,  ten  stay  a  few  days, 
and  the  same  experience  repeats  itself  day  after  day.  When  I  try 
to  find  out  the  matter,  I  am  told  that  country  life  is  too  lonesome, 
or  that  there  is  no  place  to  go  in  the  evening,  or  they  don't  like 
local  option,  or  there  is  no  place  to  exhibit  attractive  clothes.  An- 
other set  don't  like  the  houses,  the  snow  is  too  deep,  the  well  is  out 
of  doors,  and  the  coal  does  not  come  up  in  the  elevator. 

This  business  of  idealizing  the  surroundings  of  the  industrial 
engineer  keeps  a  lot  of  fellows  busy,  but  if  the  modernizers  and 
idealists  had  begun  twenty-five  years  ago  putting  this  surplus  ex- 
penditure on  wages,  the  working  man  would  to-day  be  able  to  buy 
his  own  home,  would  have  educated  his  children,  and  would  have 
been  a  free  and  independent  citizen,  which  the  framers  of  our  Con- 
stitution intended.  Instead  of  that  he  is  forced  into  becoming  a 
subject  of  paternalism,  and  we  who  want  to  call  ourselves  "  Cap- 
tains of  Industry  "  are  trying  to  tell  him  how  he  must  live  and 
where  and  how  he  must  sleep,  and  a  lot  of  other  stuff  that  he 
knows  as  well  as  we  is  "  none  of  our  business." 

Mr.  0.  K.  Harlan. — In  Mr.  Hugo  Diemer's  discussion  he  called 
attention  to  the  fact  that  social  betterment  was  most  applicable  to 
shops  doing  such  classes  of  work  as  manufacturing  cash  registers, 
typewriters  and  such  light  products,  but  that  it  did  not  seem  to 
succeed  so  well  in  shops  doing  heavy  work. 

In  reply  I  would  like  to  cite  to  him  the  good  work  which  has 
l)een  done  and  is  continuing  to  be  done  (for  it  is  now  long  past 
the  experimental  stage)  by  means  of  Young  Men's  Christian  Asso- 
ciation organizations  among  railroad  men.  These  men  are  cer- 
tainly engaged  in  a  class  of  heavy  and  vicarious  work  quite  dif- 
ferent from  that  in  cash  register  and  typewriter  plants. 

I  have  observed  the  work  of  the  Young  Men's  Christian  Asso- 
ciations in  this  field  for  a  number  of  years,  and  to  one  interested 
in  the  uplifting  of  industrial  workmen,  it  will  be  worth  their 
while  to  investigate  this  plan,  if  they  are  unacquainted  with  it. 

Afuch  could  be  said  witli  regard  to  the  class  and  variety  of  men 
and  occupations  with  which  it  has  to  deal — not  only  with  men 
dinM'tly  on  the  road,  but  with  sliop  men  engaged  in  heavy,  dirty 
work,  and  with  office  men — but  I  will  not  go  into  detail  now.  If, 
howiivcr,  furtlier  information  is  wanted,  T  shall  l)e  glad  to  point 
out  ninny  iijood  live  organizations  which  are  (hung  successful  work 
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at  a  very  economical  cost,  but  still  the  fees  assessed  the  members 
and  the  conditions  for  admission  are  so  liberal  that  the  men  pay 
for  their  privileges  and  are  not  given  them  gratuitously  so  as  to 
make  them  feel  themselves  to  be  subjects  of  charity. 

Mr.  H.  F.  J.  Porter* — Just  one  word — I  will  say  that  possibly 
if  Mr.  Rogers  had  a  little  industrial  betterment  up  there  in  his 
country  shop  he  would  be  able  to  hold  his  employees  better.  He 
acknowledges  that  it  is  good  advertising  and  states  how  futile  his 
own  methods  are. 

In  regard  to  trade  unionism  I  do  not  know  of  any  better  club 
than  education  and  industrial  betterment  to  counteract  the  bad 
influence  of  unionism.  The  National  Cash  Register  Company, 
which  has  done  more  industrial  betterment  than  any  concern  in 
this  country,  was  a  union  shop  for  eighteen  years,  and  about  three 
months  ago  when  the  Typographical  Union  demanded  an  eight- 
hour  day  there,  as  it  did  throughout  the  country,  the  company  said, 
as  they  always  had,  "  As  soon  as  the  union  attempts  to  run  this 
shop  we  will  throw  it  out ;  "  and  they  threw  it  out,  and  that  shop 
is  now  an  open  shop,  and  became  so  without  a  strike,  the  employees 
deciding  that  they  got  more  benefits  from  the  company  than  from 
the  union.  That  seems  to  be  a  very  strong  argument  in  favor  of 
industrial  betterment. 

A  Member. — Is  it  not  a  fact  that  they  have  had  some  very  dan- 
gerous strikes  where  the  men  had  to  be  paid  for  work  they  did 
not  do,  and  where,  after  the  most  vicious  and  prolonged  strike, 
independence  was  gained  ? 

Mr.  Porter. — They  had  one  strike  about  three  years  ago  which 
lasted  about  six  weeks.  It  was  as  much  of  a  lookout  as  it  was  a 
strike,  and  at  the  end  of  the  lockout  the  employees  appealed  to 
the  president  to  he  allowed  to  come  back,  and  they  came  back  with 
the  same  conditions  existing  as  when  they  went  out. 

*  Author's  closure,  under  the  Kules. 
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No.  1103.» 

REIXFORCED   CONCRETE  APPLIED    TO  MODERN 
SHOP   CONSTRUCTION. 

BY   E.  N.  HUNTING,  PITT8BURO,  PA. 

(Junior  Member  of  the  Society.) 

1.  The  subject  of  shop  construction  is  one  of  the  most  impor- 
tiint  problems  that  the  mechanical  engineer  has  to  solve.  Economy 
and  limitation  of  capital  render  this  problem  one  of  great  diffi- 
culty. Modern  business  methods  require  that  money  invested 
sliall  return  substantial  percentage  of  profit — consequently,  it  has 
been  necessary  for  the  mechanical  engineer  to  devise  some  substi- 
tute for  fire-proofed  steel  construction  that  will  answer  the  same 
purpose  for  less  money. 

l\  It  is  the  writer's  object  to  set  forth  a  few  of  the  advantages 
of  reiuforced  concrete  and  to  show  how  well  it  lends  itself  to 
>hop  construction;  also  to  give  some  data  on  actual  work  of  this 
class. 

Adaptability. 

3.  Concrete  is  a  mixture  of  sand,  stone,  cement  and  water. 
Tlie  increased  demand  for  cement  has  caused  plants  for  its  manu- 
facture to  spring  up  in  almost  every  locality.  Sand,  stone  and 
water  can  be  obtained  everywhere,  locally.  The  mixture  of  the 
a^^^re^ates  can  be  made  by  very  efficient  mechanical  devices  or  by 
the  use  of  the  most  ignorant  class  of  lalx)r — with  the  same  good 
result.  This  mixture  when  complet<*d  can  be  moulded  to  any 
sha])e  or  form  from  the  rough  foundation  to  the  most  artistic  de- 
sign of  cornice  or  capital.  The  st<*el  reinforcements  are  of  stand- 
ard ^izi's  :md  sh:ipe<*  and  wvv  readily  obtainable  in  any  market 
(•n  short  notice.  The  tonnage  of  this  steel  work  is  small  and  of 
very  light  section  and  requires  no  apparatus  to  set  in  position. 

*  l*n*Mfnte<i  at  the  New  York  meeting  (December.  1905)  of  the  American 
SjM'iety  of  Mechanical  Engineers,  and  forminjr  part  of  Volume  27  of  the 
TfiinMCtitntn 
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Streiigth. 

4.  As  a  structural  building  member  reinforced  concrete  shows 
a  very  economical  distri])ution  of  material.  Steel  is  provided  to 
take  care  of  all  direct  tensional  stresses  and  those  shearing  stresses 
for  which  the  concrete  is  not  sufficient  Compressive  stresses  are 
taken  care  of  by  the  concrete.  In  other  words,  at  least  one-half 
the  stress  in  a  beam  is  provided  for  by  the  concrete  whose  imit 
cost  is  comparatively  low.  The  discussion  of  the  various  methods 
of  calculation  used  in  beam  design  has  been  very  thoroughly  taken 
up  by  our  technical  journals  and  would  require  a  paper  in  itself  to 
thoroughly  cover  the  ground.  Most  theories  advanced  are,  how- 
ever, based  upon  the  common  theory  of  flexure,  no  allowance  being 
made  for  tension  in  the  concrete.  The  theoretical  discussion  has 
been  developed  to  a  great  extent  by  European  engineers. 


Firepi'oof  Quality, 

5.  Concrete  is  a  poor  conductor  of  heat.  Subjected  to  a  high 
range  of  temperature,  concrete  gives  up  part  of  its  water  of  com- 
bination and  becomes  a  much  poorer  conductor  of  heat  than  be- 
fore. Hence,  there  is  but  little  danger  of  the  tension  steel  in  a 
beam  giving  away  when  well  protected  by  concrete.  After  an 
examination  of  fireproof  buildings  in  the  path  of  the  Baltimore 
fire  by  a  committee  of  experts  composed  of  H.  de  B.  Parsons,  M. 
Am.  See.  C.  E.,  S.  C.  Weiskopf,  M.  Am.  Soc.  0.  E.,  and  Oarl 
Griesliaber,  the  conclusion  was  that  reinforced  concrete  surpassed 
all  other  materials  for  fireproof  qualities. 


Durability, 

6.  Forces  of  nature,  no  matter  how  severe,  have  but  little  effect 
on  concrete.  Subjected  to  severe  tests  of  acid  fumes  and  high 
temperatures,  as  was  the  case  at  the  fire  in  the  Pacific  Coast  Borax 
Company's  plant  at  Bayonne,  X.  J.,  concrete  showed  but  slight 
signs  of  deterioration.  Edwin  Thacher,  M.  Am.  Soc.  C.  E.,  in 
a  paper  Ix^fore  the  International  Engineering  Congress  points  out 
a  number  of  tests  that  sliow  that  steel  properly  protected  by  con- 
crete will  not  deteriorate. 
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Economy, 

7.  In  shop  construction,  reinforced  concrete  is  from  10  to  20 
per  cent  cheaper  than  a  similar  design  of  fireproofed  structural 
steel.  The  largest  cost  item  for  concrete  construction  is  the 
forms.  It  can  be  readily  seen  that  any  decorative  work  adds 
materially  to  this  item — while  the  concrete  itself  costs  no  more 
in  an  artistic  cornice  than  in  any  floor  or  beam — the  mould  in 
which  it  is  placed  requires  the  employment  of  highly  paid 
skilled  labor  in  its  manufacture.  Compared  with  slow  burning 
types  of  construction,  the  costs  vary  in  different  parts  of  the  coim- 
try.  In  some  sections  reinforced  concrete  can  be  built  for  almost 
the  same  figure  as  slow  burning  construction. 

Effect  of  Fire  on  Structural  Steel. 

8.  It  seems  almost  incomprehensible  that  in  the  modern  struc- 
tural steel  machine  shop  there  is  sufficient  inflammable  material  to 
cause  a  destructive  fire.  It  is  true,  however,  that  but  very  little 
tiro  is  necessary  to  make  a  structural  steel  member  give  way 
when  under  stress. 

Fig.  1  shows  a  modern  machine  shop  in  the  Pittsburg  district, 
constructed  of  unfireproofed  structural  steel  and  equipped  with 
niodorn  fire  apparatus. 

Fig.  2  shows  the  same  shop  two  days  later,  a  mass  of  ruins  that 
can  be  dismantled  only  by  the  use  of  the  cold  chisel  and  sledge. 

Example  of  Reinforced  Concrete  Machine  Construction. 

J>.  Taylor-Wilson  Mfg.  Co.'s  plant  at  McKees  Rock,  Pa.  The 
ruling  factors  in  the  design  of  the  Taylor-Wilson  Mfg.  shop 
were : — 

First.  It  should  be  an  absolutely  fireproof  building. 

Second.  It  should  be  built  at  a  minimum  cost. 

Third.  Provision  should  be  made  for  heavy  craneways. 

Fourth.  The  design  should  have  some  artistic  value. 

Fifth.  Abundance  of  natural  lii;ht. 

Sketch  of  Foundations. 

10.  The  shop  is  160  feet  long  and  102  feet  wide,  and  is  cnr- 
riod  on  a  series  of  foundation  piers  running  down  an  average  of 
12   foot  to  hardpan.     Those  foundations  wore  put  in  and  a  fill 
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made  around  them.  In  the  rear  of  the  building,  which  is  on 
swampy  ground,  this  fill  was  about  22  feet.  In  plan  the  shop 
consists  of  a  center  aisle  51  feet  7  inches  wide — 2  leantos  18  feet 
on  one  side  and  30  feet  wide  on  the  other. 

Columns. 

11.  The  entire  building  load  is  carried  on  four  rows  of  columns. 
Two  outside  rows  of  12  inches  square  and  two  inside  rows  of  cir- 
cular columns  20  inches  in  diameter. 

12.  Fig.  4  shows  the  method  used  in  the  construction  of  the 
moulds  for  the  20-inch  circular  columns.  These  moulds  were 
formed  of  16  gauge  galvanized  iron  and  were  very  satisfactory, 
giving  a  perfectly  true  and  smooth  surface.  The  column  rein- 
forcement consists  of  four  vertical  rods,  to  which  were  attached  a 
series  of  hoops  1^  inches  wide  and  ^  inch  thick,  spaced  4  inches 
apart  In  this  connection  it  might  be  well  to  state  that  the  verti- 
cal rods  are  considered  useless  as  far  as  carrying  the  load  is  con- 
cerned, and  come  into  play  only  when  the  column  acts  as  a  beam 
due  to  eccentric  loading.  The  theory  of  this  design  is  that  com- 
pression is  not  a  stress  in  itself,  in  reality  failures  by  compression 
are  failures  by  secondary  tensional  stresses  within  the  material. 
It  has  been  found  by  a  long  series  of  tests  that  a  column  failure  is 
always  due  to  a  tendency  of  the  concrete  to  bulge,  consequently 
the  strength  of  this  design  depends,  above  a  certain  loading,  upon 
the  strength  of  the  bands  encircling  the  concrete.  Ultimate  stresses 
as  high  as  10,000  poimds  per  square  inch  have  been  developed. 
These  bands  are  rigidly  attaclied  to  the  verticals  for  spacing  and 
have  a  projecting  fin  that  holds  tliom  to  the  proper  distance  from 
the  form. 

13.  Where  the  column  runs  into  the  beam  it  will  be  noticed  that 
the  area  is  increased.  The  reason  for  this  is  that  higher  unit 
stresses  are  allowed  in  the  hooped  column  than  in  the  beam,  so 
it  is  necessary  to  increase  the  area  at  the  junction. 

Beam  Construciion, 

14.  Fig.  5  shows  the  main  beam  of  the  building — the  crane 
girder.  This  girder  was  designed  for  a  30-ton  crane,  and  spans 
20  feet  between  the  circular  columns.  In  section  the  beam  is 
18  X  36  inches,  and  has  an  upper  flange.  This  upper  flange  takes 
caro  of  the  thrust  due  to  the  cross  travel  of  the  crane. 
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Fig.  4.— Dktail  of  Form  for  20  inch  Circular  Column. 
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15.  Fig.  5  shows  the  reinforcement,  practically  in  the  form  of 
a  Pratt  truss  running  continuous  over  the  columns  The  bars  are 
in  the  form  of  loops  bent  up  at  the  ends  to  take  care  of  the  shear- 
ing stresses.  The  advantages  of  this  loop  are  that  it  is  self- 
supporting  and  utilizes  the  material  economically.  While  a  great 
deal  of  metal  is  necessary  at  the  center  of  the  span  to  take  care 
of  the  tension,  due  to  bending  moments,  these  bending  stresses  de- 
crease toward  the  supports  and  the  same  metal  section  is  not 
required  at  the  bottom  of  the  beam,  so  is  utilized  to  take  care 
of  the  shearing  stresses.  For  supporting  the  rods  and  keeping 
them  spaced  properly  and  away  from  the  form  a  little  device 
stamped  from  sheet  metal  is  used.  This  spacer  is  notched  out 
and  parts  bent  down  to  support  it — ^leaving  openings  to  receive  the 
bars.  It  was  found  to  be  far  better  than  any  system  of  concrete 
block  support  for  the  reason  that  it  held  the  bars  rigidly  in  their 
proper  position. 

Arch  Design. 

16.  Covering  the  main  aisle — spanning  54  feet — a  concrete  arch 
was  constructed  4  inches  thick  at  the  cro^vn  and  10  inches  at  the 
haunches,  with  stiffening  ribs  5  inches  wide  and  10  inches  deep, 
spaced  10  feet  0  inches,  center  to  center.  The  stiffening  ribs 
were  reinforced  with  two  ^-inch  rods. 

Arrangement  of  Steel  in  Arch. 

17.  Fig.  6  shows  the  arrangement  of  steel  in  the  arch.  This 
reinforcement  consists  of  f-inch  bars  9  inches  on  centers,  run- 
ning across  the  arch.  Running  up  and  down  the  roof,  laced  be- 
tween the  |-inch  bars  are  a  number  of  strips  of  band  iron  1  inch 
by  1-16  inch,  arranged  so  that  in  case  the  rods  at  the  intrados  and 
extrados  act  in  compression  there  will  be  no  danger  of  buckling 
(see  Fig.  7).  This  design  was  based  upon  the  elastic  theory, 
using  Cains'  method. 

Fig.  8A-8B,  showing  work  during  construction.  Fig.  8B  shows 
the  status  of  the  work,  January  2,  1005,  with  arch  roof  partly 
completed.  Fig.  9  shows  an  inside  view  during  construction, 
crane,  girder  and  supporting  columns. 

Design  at  the  Haunches. 

18.  To  take  care  of  the  thrust  of  the  arch — tie  rods  made  up  of 
two  3-inch  by  2^-incli  by  -^^^  angle  irons  were  used,  spaced  10  feet 
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apart.  These  tie  rods  were  bolted  to  two  lO-inch  15-pound  chan- 
nels back  to  back,  shown  in  Fig.  10.  The  channels  distributed 
the  load,  due  to  the  thrust  between  the  rods.  A  light  skew  back 
casting  was  placed  in  the  upper  channel  to  act  as  a  spacing  mem- 
ber for  the  roof  rods  and  to  transfer  the  load  to  the  tie  rods.  To 
take  care  of  the  unconmionly  large  temperature  stresses  that  would 
naturally  be  developed  in  such  a  large  thin  area,  expansion  joints 
were  made  every  10  feet  in  the  arch.  The  entire  arch  was  con- 
structed during  the  coldest  winter  months.  Although  winter  con- 
struction in  concrete  is  not  commonly  considered  good  practice 
among  engineers,  cool  weather  is  the  most  advantageous  time  to 
handle  this  class  of  work.  The  reason  for  this  statement  is  that 
w^hen  temperatures  are  low  the  cement  and  aggregates  of  concrete 
are  of  the  smallest  volume  and  contraction  due  to  temperature 
stresses  is  seldom  found  on  work  carried  out  in  the  winter.  Cracks 
seldom  develop  from  expansion — almost  entirely  from  contraction. 

Protection  from  Frost. 

19.  It  was  necessary  to  adopt  some  heating  system  to  prevent 
the  work  from  freezing  during  winter  construction.  A  system 
of  heating  by  live  steam  was  installed.  Any  system  for  heating 
concrete  work  that  does  not  provide  moisture  as  well  as  heat  should 
not  be  considered.  It  is  absolutely  essential  that  concrete  should 
not  be  forced  to  take  its  set  quickly.     Concrete  that  is  reinforced 
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with  steel  should  not  be  protected  from  freezing  by  the  use  of  salt. 
The  reason  for  this  is  obvious — salt  has  a  great  affinity  for  moisture, 
and  moisture  and  air  corrode  steel  quickly,  and  concrete  placed  in 
the  winter  is  liable  to  be  somewhat  porous,  and  air  will  penetrate 
and  the  steel  reinforcement  will  become  oxidized.  The  heating 
system  by  means  of  live  steam  jets  was  very  satisfactory  and  no 
bad  effects  were  experienced  from  frost. 
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In  General. 

20.  On  the  front  elevation  of  the  building,  the  concrete  mould- 
ings about  the  arch  windows  and  the  cornices  are  tinted  to  a  dark 
red  color  that  has  a  very  pleasing  eflFect  to  the  eye  in  combination 
with  the  dull  gray  of  the  concrete. 

21.  The  side  elevation  is  almost  entirely  taken  up  by  windows. 
The  light  inside  the  shop  is  nearly  as  good  as  out  of  doors. 

22.  Fig.  13  shows  a  cross  section  with  crane  in  place,  giving 
general  dimensions  of  beams,  columns,  etc. 


w-\\^-  -4-  -\V-\\^- 


Fio.  10a. — Dbtail  of  Koof  Constiiuction  Plan. 


ConcliLsion. 


23.  The  unit  cost  of  this  work  was  approximately  8^  cents  per 
cubic  foot  of  contents  of  the  building.  The  building  as  completed 
is  as  near  fireproof  as  is  possible  in  any  style  of  construction  to 
build.  As  for  repairs  it  will  need  none.  Paint  is  unnecessary 
on  its  surface  to  protect  it  from  the  elements.     The  insurance  rate 
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made  by  the  Board  of  Fire  Underwriters  is  80  cents  per  hundred 
for  building  and  contents  compared  with  50  cents  for  structural 
steel  machine  shops  equipped  with  automatic  sprinkler  systems, 


p . Flt-talO-L^ls  Ib;^ — 


Section  of  Stn'wbaok  Casting 
Fig.  10c. 


and  it  is  considered  by  them  to  be  the  best  risk  in  the  Pittsburg 
district. 

24.  The  works  were  designed  and  built  by  Robert  A.  Cmn- 
mings,  M.  Am.  Soc.  C.  E.,  of  Pittsburg.     The  writer  acted  as  his 


Detail  of  Hoof  Construetlt>n 
Fig.  IOd. — Skewback  Casting. 
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assistant  in  charge  of  the  work  during  its  construction,  and  is 
indebted  to  him  for  data  and  information  accompanying  this 
description.  Much  credit  is  due  the  principal  members  of  the 
Taylor  &  Wilson  Manufacturing  Company  for  their  foresight  and 
progressiveness. 

DISCUSSION. 

Mr.  Joseph  C.  Schdeffler. — I  have  read  the  paper  entitled  ^*  Re- 
inforced Concrete  Applied  to  Modern  Shop  Construction''  with 
a  great  deal  of  interest,  but  I  think  that  it  is  not  general  enough 
in  its  treatment  of  the  subject.  Both  the  system  here  described 
and  that  patented  by  Mr.  Julius  Eahn  make  use  of  diagonals 
which  make,  theoretically,  an  excellent  reinforcement  for  concrete 
beams,  but,  practically  speaking,  the  superiority  of  such  construc- 
tion over  the  beam  reinforced  with  plain  rods  which  have  been 
anchored  by  turning  up  the  ends  or  in  some  other  manner,  is  a 
matter  of  some  doubt.  When  Kahn  or  Cummings  bars  are  em- 
ployed, the  concrete,  to  obtain  good  results,  must  be  made  of 
small  stone  or  gravel  and  placed  very  wet.  Actual  practice  shows 
that  concrete  made  in  this  way  and  worked  rather  than  tamped 
into  place  gives  very  good  results.  If  large  stone  were  used  and 
tamping  resorted  to,  it  is  the  belief  of  the  writer  that  the  diag- 
onals would  be  bent  down  out  of  position,  thereby  defeating  their 
theoretical  value. 

I  note  from  Figs.  6  and  7  that  the  reinforcement  in  the 
arched  roof  consists  of  f-inch  round  rods.  It  would  be  of  inter- 
est to  know  whether  these  rods  were  made  continuous  across  the 
entire  arch  by  welding  or  whether  the  short  lengths  were  merely 
lap{)ed  to  make  joints.  I  should  also  like  to  know  whether  some 
mechanical  bond  was  used  in  connection  with  these  rods,  or  is 
the  adhesion  of  the  concrete  to  the  plain  rod  considered  sufficient. 
I  am  of  the  opinion  that  the  vibration  due  to  the  operation  of  the 
crane  and  shafting  would  seriously  affect  the  Jidhesion  of  the  con- 
crete to  the  plain  rods,  and  that  in  time  this  would  result  in  a 
serious  weakness.  In  connection  with  this,  Mr.  A.  L.  Johnson, 
of  the  American  Society  of  Civil  Engineers,  may  be  quoted  as 
having  made  the  followinjij  statement:  '*  In  our  exi)erience  we 
have  had  cases  of  rui)turo  of  the  adliesion  of  concrete  with  plain 
bars  after  eight  years'  use,  whore  the  stress  in  the  bars  did  not 
ordinarily  aniount  to  much,  the  failure  being  due  entirely  to 
vibrations  and  shocks." 
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Referring  to  paragraph  23,  I  would  like  to  know  whether  the 
unit  cost  of  three  and  one-quarter  cents  per  cubic  foot  includes 
forms.  On  all  concrete  work  the  cost  of  forms  is  quite  a  consid- 
erable item,  amounting  to  twenty-five  per  cent,  and  over  of  the 
entire  cost  of  the  placed  concrete,  and  must  be  included  in  the 
statement  of  final  cost.  The  cost  given  is  somewhat  lower  than 
anything  else  of  a  similar  nature  that  I  know  of  at  present. 

1  must  take  exception  to  the  statement  made  by  Mr.  Hunting 
under  the  title  of  ''Adaptability,"  where  he  says  that  the  mixture 
can  be  made  with  equally  good  results  by  very  efficient  mechanical 
devices  or  by  the  use  of  the  most  ignorant  class  of  labor.  There 
is  no  doubt  whatever  about  the  superiority  of  the  mechanical  con- 
crete mixer  over  the  hand  method,  both  in  the  matter  of  final 
cost  of  concrete  and  also  in  regard  to  the  quality  of  the  mixture. 
1  have  seen  stuflf  that  could  hardly  be  designated  as  concrete  mixed 
by  hand  under  the  supervision  of  an  intelligent  (?)  insi)ector  or 
foreman  and  lowered  into  the  new  subway  now  being  built  in 
Boston.  The  same  applies  to  about  50  per  cent,  of  concrete  which 
is  mixed  in  this  way,  and  the  reason  for  it  is  that  the  only  aim 
of  the  average  foreman  is  to  rush  his  work  as  much  as  possible 
and  thereby  make  what  appears  to  be  a  good  showing. 
'  I  believe  that  this  is  the  first  paper  on  ''  Concrete  Construction  " 
to  be  presented  at  a  meeting  of  the  American  Society  of  Mechani- 
cal Engineers,  and  in  closing  I  would  like  to  ask  if  Mr.  Frank  B. 
Gilbreth,  a  member  of  this  Society,  could  not  be  induced  to  write 
a  paper  descriptive  of  some  of  the  various  mills  and  buildings  he 
has  so  successfully  erected  during  the  past  few  years. 

Mr.  H,  C,  Tiirner. — While  concrete  as  a  building  material  has 
been  in  use  for  a  very  long  period  of  time,  dating  back  to  at  least 
the  ancient  Romans,  the  material  known  as  "Reinforced  Con- 
crete "  is  of  comparatively  recent  origin.  It  is  generally  accepted 
that  the  first  reinforcing  of  concrete  with  steel  bars  or  wire  was 
done  in  France  some  thirty  years  ago.  From  this  early  work 
has  gradually  grown  up  the  scientific  combination  of  the  two 
materials  in  a  standard  form  of  building  construction. 

Probably  the  first  work  done  in  this  country  with  this  material 
was  that  by  Mr.  Ernest  L.  Ransome  in  California  in  the  early 
seventies,  and  much  work  was  done  in  that  State  before  any  use 
was  made  of  it  in  the  East  for  building  construction.  The  lai^ 
factory  of  the  Pacific  Coast  Borax  Co..  in  Bayonne,  N.  J.,  erected 
by  Mr.  E.  L.  Ransome  in  1898,  was  the  first  application  of  rein- 
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forced  concrete  to  factory  or  mill  construction  on  a  large  scale. 
Dating  from  this  building,  the  use  of  reinforced  concrete  con- 
struction has  grown  very  rapidly  in  all  classes  of  construction 
work  for  bridges,  sewers,  water  works,  tunnels  and  buildings. 
The  successful  construction  of  the  fifteen  story  Ingalls  Building 
in  Cincinnati  of  reinforced  concrete  in  1903  gave  great  impetus 
to  the  construction.  Much  of  the  construction  of  the  new  Naval 
Academy  in  Annapolis  is  of  reinforced  concrete,  and  it  has  been 
si>ecified  and  accepted  for  the  new  military  academy  at  West 
Point.  The  new  building  of  the  United  States  Shoe  and  Machin- 
ery Co.,  at  Beverly,  Mass.,  and  the  Foster- Armstrong  Plant,  at 
Rochester,  N.  Y.,  are  entirely  of  this  construction. 

It  is,  of  course,  of  prime  importance  that  buildings  to  be  occu- 
])ied  as  shops  or  factories,  and  therefore  filled  with  many  em- 
ployees, should  be  conservatively  designed  and  constructed,  and 
any  material  to  be  generally  accepted  for  such  work  must  pass 
satisfactorily  certain  prescribed  tests  for  durability,  strength  and 
fire  resistance.  Many  tests  have  been  made  both  in  Europe  and 
in  this  country  to  develop  reliable  formula  for  determining  the 
stresses  in  the  combined  material  and  all  designs  to-day  by  reli- 
able companies  are  carefully  and  conservatively  made.  The  load 
tests  on  full-sized  floor  sections  have  demonstrated  this  fact. 

Concrete  weathers  better  than  most  building  stone,  and  is 
known  to  improve  in  strength  and  hardness  with  age.  With 
reference  to  the  effect  of  vibration  in  factories,  all  information 
obtainable  so  far  is  distinctly  in  its  favor.  The  Bayonne  factory 
of  the  Pacific  Coast  Borax  Company  has  been  in  use  about  six 
years,  and  contains  both  heavy  and  rapid  running  machinery. 
It  is  in  perfect  condition,  and  the  vibi^ation  is  almost  entirely 
absorbed. 

The  following  letter  from  the  American  Book  Company,  of 
Cincinnati,  speaks  for  itself: 

Fkhkuary  24,  1905. 
Fkrro  Concrete  Construction  Co.mi'anv, 
City. 

Oentlemfji: — Kcplyin;:  tn  iiKjuirv  lumlo  by  tlic  Tiirnor  Const nu-t ion  Company 
as  to  tin'  ainount  of  vibration  wliidi  wf  fiml  in  onr  luiihling,  we  take  pleasure  in 
saying'  tlirre  is  practically  none 

Onr  printing:  oHici'  is  m  room  having'  nearly  21, (KK)  feet  of  floor  space  and  built 
with  a  carryini^  capacity  <»f  ir>()  lbs.  to  tlir  s<|.  ft.  We  are  running;  in  it  25  presses, 
most  of  them  wei^liin^'  about  l:{  tons,  ami  have  ample  space  for  additional  ma- 
chinery as   it    is   required.     There   i*^   practically   no   perceptible   vibration   when 
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standing  by  the  press,  and  no  perceptible  vibration  whatever  in  the  columns  or 
walls.  The  building  is  in  this  respect  superior  to  our  expectations,  and  we  have 
no  hesitancy  in  saying  that  a  building  properly  constructed  of  concrete  is  an  ideal 
one  for  machinery  in  motion. 

We  take  pleasure,  also,  in  stating  that  the  work  done  by  your  company  for  us  in 
this  building  was  very  satisfactory.  We  think  exceptional  care  was  employed,  and 
the  engineering  was  skillful.  We  are  very  glad  that  we  decided  upon  a  concrete 
structure  and  upon  your  company  to  do  the  work. 

Very  truly  yours, 
(Signed)  American  Book  Company. 

W.  B.  Thalheimer, 

Managing  Director. 

The  Ketterlinus  Litho.  Manufacturing  Company  have  recently 
built  an  addition  to  its  Philadelphia  factory;  the  old  building 
consists  of  brick  walls,  steel  columns,  girders  and  beams,  and 
terra  cotta  arches,  with  finished  floors  of  niaj)le.  Before  erect- 
ing the  new  i)ortion  tlie  vibration  from  tlie  heavy  presses  was 
very  excessive;  no  clock  could  be  kept  running  in  the  building. 
The  addition  is  constructed  with  concrete  walls,  veneered  with 
brick,  steel  columns,  fireproofed  with  reinforced  concrete,  rein- 
forced concrete  girders,  beams  and  floors,  and  a  finished  floor  of 
maple.  Since  the  addition  has  been  built  the  vibration  in  old 
building  is  largely  reduced,  but  there  is  still  a  very  noticeable 
difference  between  the  \ibration  in  the  concrete  portion  and  the 
brick  and  terra  cotta  portion  of  the  building. 

There  are  also  a  large  number  of  factories  having  light  run- 
ning machinery,  but  it  is  generally  acknowledged  that  printing 
presses  are  as  severe  a  test  as  any,  and  the  above  instances  indi- 
cate that  reinforced  concrete  will  very  largely  overcome  vibration 
in  mill  buildings. 

A  building  material,  to  be  acceptable,  must  withstand  the  com- 
bined action  of  lire  and  water.  The  Department  of  Buildings  in 
Xew  York  City  has  conducted  a  large  number  of  tests  on  various 
building  materials,  and  before  being  accepted  for  use  in  fireproof 
buildings,  they  must  pass  satisfactorily  a  combined  fire,  water 
and  load  test.  These  tests  in  recent  years  have  been  made  very 
largely  by  Prof.  Ira  II.  Woolson,  of  Colimibia  University,  for 
the  Department,  and  copies  of  his  reports  may  be  obtained  by 
application  to  him.  His  report  of  the  Kansome  system,  outlin- 
ing the  character  of  the  test  and  the  action  of  fire,  water  and 
load  on  this  construction  is  very  com])lete.* 

*  A  resume  of  this  report  is  given  in  Prof.  A.  L.  Williston's  discussioD  of 
this  paper. 
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There  have  been  six  or  more  similar  tests  on  the  different  sys- 
tems of  concrete  construction,  all  really  tests  on  the  fire  resist- 
ance of  concrete,  their  success  not  depending  upon  the  form  of 
bar  used.  The  fact  that  concrete  can  withstand  such  very  severe 
tests  is  sufficient  proof  that  it  may  be  conservatively  adapted  for 
factory  buildings.  The  heat  undoubtedly  drives  off  some  of  the 
water  of  crystallization,  thereby  reducing  the  strength  of  the  con- 
crete on  the  face  of  the  parts  exposed  to  the  heat.  This  loss  of 
strengtli  is  very  slow,  and  a  heat  of  1700  degrees  Fahrenheit  kept 
up  for  four  hours  will  not  penetrate  the  concrete  more  than  about 
one  incli.  It  is  not  reasonable  to  expect  any  such  duration  of 
heat  in  service  conditions.  It  is  also  interesting  to  know  that 
this  concrete  will  again  take  up  this  water  of  crystallization  and 
regain  very  largely  its  lost  strength.  The  fire  in  the  Bayonne 
factory  of  the  Pacific  Coast  Borax  Company  which  occurred  in 
1903  did  not  damage  the  concrete  construction  more  than  $1,000 
in  a  $1(»0,000  building,  and  there  was  no  damage  to  the  concrete 
that  would  obstruct  the  immediate  resumption  of  manufacture. 
The  Baltimore  fire  also  demonstrated  very  clearly  the  fire  resist- 
ance of  concrete. 

With  reference  to  cost,  it  is  impossible  to  give  definite  figures 
or  to  make  com])arisons  that  will  apply  to  all  localities.  In  New 
York  and  Brooklyn  six-story  factory  buildings  of  reinforced  con- 
crete will  not  exceed  the  cost  of  mill  buildings  of  brick  and  yellow 
pine  more  than  five  to  ten  per  cent.,  and  under  some  conditions 
not  as  much  as  five  |)er  cent.  Ileinforced  concrete  has  the  added 
advantage  that  the  height  of  the  building  is  not  limited  to  six 
stories  by  building  regulations  as  is  tlie  case  in  mill  construction, 
and  the  owner  can  erect  a  larger  building  on  his  property,  and, 
therefore,  have  a  better  investment. 

In  concrete  buildings,  construction  is  of  equal  if  not  greater 
importiince  than  design,  and  all  work  should  be  done  under 
ex|>erienced  and  competent  supervision.  The  cement,  sand  and 
stone  should  all  l)e  carefully  inspected  and  ])roportioned  to  give 
the  best  concrete.  The  cement  should  be  regularly  tested;  the 
concmte  should  be  mjichine  mixed,  and  the  steel  should  be  secured 
in  ])osition  before  concreting.  Tests  should  be  made  regularly 
on  the  concrete  by  means  of  cubes  made  from  each  day's  work, 
ami  load  tests  made  on  the  completed  floors. 

With  reasonable  care,  excellent  buildings  can  be  constructed, 
and  the  advantages  of  reinforced  concrete  are  so  great  that  it 
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isliould  receive  the  careful  investigation  of  every  eugioeer  before 
di^itlitig  ujioo  the  design  of  factory  or  mill  buildings. 

There  are  under  consiruction  this  year  io  ^ew  Tork  City  the 
following  buildings  of  concrete: 

liroal'hjn;  itoliert  Gair  Company  factory,  8  stories  and  base- 
ment, J<Xix2^iUin  plan* 
llmjle  Machine  &  Engraving  "OTorks  building,  4  stories  and 

basement,  25  x  fi3. 
Cf  retiiclj  factory,  ♦)  stories  and  Imsement,  floor  areas,  9,0CM) 

sq.  ft. 
C  Kenyon  &  Co.  factory,  6  stories  and  basement,  SO  x  145. 
Uu**h  Co.  Model  factory,  6  stories  and  basement,  75x600. 
liuRh  Co.  Wamhonse,  8  stories  and  basement,  150x3iX>, 
1 1  an  an  ^Slioe  Co.  factory,  5  stories  and  basement,  120x200, 
L,  L  City :  McCUure  ^k  Co.  factory,  6  stories  and  basement^  ap- 
proximately 100x260. 
N.  Y.  City :  Bchimjer  factory,  4  stories  and  basement,  50  x  100. 

Mm  J.  B.  King  &  Co,  factory  at  New  Brighton,  S.  I.j  4  stories 
and  bai^oment,  45x60  in  plan. 

Mr.  !L  K  J.  Porfer. — The  tendency  in  building  construction 
nowadays,  as  exemplified  in  the  paper  under  discussion ,  is  mani- 
festly in  the  ilirnrtion  of  fireproof  construction  for  the  obvious 
purpose  of  the  al>si)iute  prevention  of  lire,  and  resulting  in  the 
jirotection  of  lives  and  property  from  such  a  casualty-  It  will, 
ho \v  over,  be  many  years  before  all  factoriei?;  will  be  fireproof,  and 
mt^antinio  it  becomes  necessary  to  consider  the  best  means  for 
aih*ption  to  |>rotect  the  lives  and  property  housed  in  such  factories 
as  ni>w  exist  and  will  contimie  to  exist  for  a  long  time  to  come, 
Tlu>  laws  t>f  the  lanti  and  of  thecomTiiunity  in  which  a  factory  is 
situated  I'ecpiire  the  fullilment  of  certain  obligations  to  insure 
such  protet^tion,  but  the  moral  res[>onsibility  which  rests  upon 
the  em]>loyer  of  lal>or  who  assembles  many  jieople  to  work  for 
him  should  retpare  him  to  do  many  things  for  their  protection 
which  it  is  eviilent  cannot  be  euilxKlieil  in  the  law.  And  it  is 
evidently  to  his  interest  that  every  amsideration  should  be  ^ven 
to  effect  their  prompt  escape  from  the  building  in  ease  of  fire, 
for  it  is  the  first  duty  of  a  tire  dejitirtnient  to  ^ive  lives  before 
attampting  to  siive  property,  and  in  a  ease  where  lives  are  in 
jeapardy,  attention  must  lirst  be  directed  to  their  i^lief,  and 
meant  ime  much  prvijierty  may  be  destroyed. 
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Consequently,  it  is  desi ruble  to  arrange  m  that  tiie  means  of 
promptly  pi*eserving  lives  are  efficient,  so  tliat  as  soon  as  possible 
after  a  tire  starts  escape  from  it  may  be  effecte<i  atid  attention  be 
given  to  putting  it  out.  In  this  connection  experience  shows  that 
there  are  more  casualties  resulting  from  panic  occurring  during 
tire  than  from  the  tire  itself,  and  also  that  i>anic  frequently  occurs 
simply  on  the  alarm  of  lire  wlien  yctually  no  lire  exists,  and  on 
other  occasions  when  there  is  a  similar  suggestion  of  danger-  It 
therefore  devolves  upon  the  emjihiyer  of  labor  to  take  such  pre- 
liminary pi'ecimtioQs  that  not  only  will  his  employees  be  able  to 
obtain  a  prompt  and  easy  exit  from  the  building  in  case  of  lire, 
but  also  be  pri>tected  from  the  residts  of  panic  in  sucli  an  emerg- 
ency or  of  panic  due  to  any  cause  whatever. 

It  would  be  well  to  consider  the  methods  now  in  vogue  for  pro- 
tecting the  lives  of  empluyees  in  the  ordinary  factory,  of  which 
there  are  hundreds  in  this  and  every  large  city  of  the  oountry. 
In  all  of  these  places  we  find  Hre  buckets;  in  many  of  them  stand 
pipes  with  hose  attached,  and  in  some  of  them  sprinkler  systems, 
but  the  factories  so  providml  are  few  which  have  assigned  the 
duty  to  certain  s[iecitie<l  individuals  to  use  the  buckets  or  the  hose 
in  case  of  lire  or  to  turn  off  the  s]>r inkier  system  after  the  tire  is 
out;  and  what  is  anybody's  is  nobody's  business,  especially  under 
stress  of  excitement.  All  of  these  appliances  can,  however,  be- 
come effective  by  the  development  of  a  regular  lire  corps. 

The  lire  esca]^>es  which  are  supplied  to  buildings  generally  are 
of  such  construction  as  to  be  a  more  prolific  source  of,  than  escape 
from,  accident.  They  generally  consist  of  an  irtm  balcony  on 
the  outside  of  the  building  at  each  tloor,  and  these  balconies  are 
ennnected  by  means  of  ladders^  the  lowest  balcony  having  its 
ladder  detached  and  hnng  up  on  the  building  so  as  to  prevent 
people  from  entering  the  latter,  which  they  might  if  it  was 
jjerraanently  placed  on  the  graund- 

These  ladders  vary  in  position  from  the  verticle  to  an  angle  of 
50  or  6U  degrees  with  tlie  horizontal,  and  in  order  tp  descend, 
people  have  to  turn  around  and  go  down  backwards.  In  all  cases 
of  emergency,  when  bcjth  women  and  men  have  to  descend  l^y 
such  means,  and  espeinally  in  winter  weather,  when  the  iron  is 
cold  and  perhaps  covered  with  snow  or  ice,  these  so-called  escapes 
are  prolilic  sourt^es  of  accident,  especially  fit  the  lowest  balcony, 
where  if  the  ladder  is  a  long  one,  it  is  correi^pondingly  heavy,  and 
the  combined  strength  of  several  men  is  ne<.'essary  to  handle  it. 
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These  men  are  not  necessarily  the  first  to  reach  the  spot  where 
it  is  located,  and  they  cannot  well  get  there  after  others  have 
crowded  down  ahead  of  them.  There  results  on  such  occasions 
a  jam,  accompanied  by  a  crowding  off  of  the  balcony  those  who 
are  near  the  opening.  Many  of  these  escapes  can  be  improved 
by  making  slight  changes  in  them. 

It  has  been  stated  that  the  mortality  from  factory  fires  is  very 
low.  It  is  doubtful,  however,  if  there  are  reliable  statistics  to 
show  the  results  of  such  casualties. 

Since  the  announcement  on  your  program  that  there  would  be 
a  discussion  of  this  subject,  I  luive  taken  the  trouble  to  collect 
clippings  on  the  subject  of  factory  fires  from  the  press  of  several 
large  cities,  and  I  find  that  there  are  a  number  of  casualties  of 
this  kind  occurring  every  day,  involving  tlie  lives  of  many  em- 
ployees. The  latter  are  carried  from  the  factory  to  their  homes 
or  to  hospitals  and  their  cases  are  subsequently  lost  sight  of. 

The  fire  department  of  this  city  advises  me  that  almost  daily 
they  have  a  fire  in  a  factory  where  they  have  to  save  lives  before 
they  can  direct  their  attention  to  extinguishing  flames. 

In  a  factory  where  I  was  engaged  a  couple  of  years  ago,  finding 
the  conditions  such  that  in  case  of  a  fire  either  within  the  build- 
ing or  in  adjacent  buildings  it  would  be  necessary  to  promptly 
empty  the  building  of  its  occupants,  I  established  a  fire  drill  which, 
by  occasional  repetition,  reduced  the  time  of  exit  from  more  than 
seven  to  less  than  three  minutes,  a  saving  of  time  which  in  the 
case  of  a  rapidly  burning  fire  or  one  involving  considerable  smoke 
Avould  undoubtedly  have  l>een  the  source  of  preserving  many 
lives.  Since  that  time  I  have  introduced  similar  drills  into  other 
factoiies,  and  in  every  case  witli  remarkably  desirable  results. 
Whereas  at  first  such  a  drill,  owing  to  its  association  with  danger, 
is  usutally  accompanied  by  the  fainting  of  some  of  the  girl  em- 
ployees, later  a  habit  of  ])rompt  and  rapid  dismissal  is  acquired, 
and  all  become  possessed  with  a  feeling  of  security  Avhich  largely 
counteracts  the  tendency  towards  a  panic. 

In  one  of  these,  a  clothing  factory  employing  nearly  1,000 
hands,  both  men  and  women,  on  the  occasion  of  an  altercation 
between  men  in  an  adjoining  railroad  yard,  one  of  the  employees 
called  out  '*  fight.''  Mistaking  the  call  to  be  ''fire,"  a  panic 
occurred  during  which  the  factory  was  emptied  with  many  acci- 
dents, one  man  leaping  from  a  second  story  fire  escape  and 
breaking  his  leg.     Since  the  fire  drill  has  been  introduced,  there 
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is  no  tendency  towards  a  panic.  Everyone  knows  there  is  no 
danger  at  least  until  the  iire  signal  is  given,  and  that  then  they 
will  be  properly  taken  care  of. 

In  another  factory,  where  1,000  girls  were  engaged  in  making 
shirt  waists,  the  appearance  of  a  rat  occasioned  a  stampede  which 
(lid  not  end  until  many  girls  were  injured.  There  have  been 
similar  occurrences  since  the  drill  has  been  introduced,  but  the 
girls  have  gone  quickly  to  the  nearest  exit  without  excitement. 

Some  clippings  which  I  have  here  show  that  panics  occur  where 
there  is  no  danger.  One  from  the  New  York  *'  Times  ^^  speaks  in 
its  headlines  of  fifty  girls  becoming  hysterical  and  several  faint- 
ing in  a  shirt  factory  where  a  newspaper  blazed  up  from  a  spark 
from  an  electric  motor,  and  that  many  women  were  trodden  down 
in  a  senseless  panic  by  the  men,  who  were  the  more  terrified. 
Another  clipping  from  the  same  paper  speaks  of  the  employees 
of  a  large  manufacturing  plant  becoming  frightened  by  the  smoke 
entering  the  windows  from  a  burning  tar  pot  in  the  street,  and 
that  in  their  rush  for  the  exits  a  dozen  were  so  injured  as  to 
require  the  attention  of  surgeons. 

Other  clippings  show  that  danger  is  occasioned  by  the  careless- 
ness of  some  of  the  employees  themselves.  The  New  York  **  Her- 
ald" of  November  eleventh  speaks  of  400  girls  who  were  left  locked 
in  on  the  fifth  story  of  a  burning  underwear  factory  by  the  watch- 
man, who  went  to  the  corner  to  send  in  the  alarm,  and  that  many 
loa|)cd  into  nets  held  l)y  the  firemen  and  others  were  taken  down 
on  the  fire  ladders.  Still  another  account  tells  of  a  fire  in  a 
feather  factory,  where  the  girl  employees  went  down  the  fire 
es(Mipes  until  they  reached  the  last  balcony,  where  they  could 
not  handle  the  heavy  ])ortable  ladder,  and  then  on  account  of 
suffocation  by  smoke  were  carried,  fainting,  to  the  street. 

I  have  here,  however,  other  clippings  showing  that  fire  drills 
have  in  similar  instjinces  saved  lives.  In  a  factorj^  in  Chicago, 
for  instjince,  scores  of  employees  on  the  signal  of  fire  formed  and 
marched  from  a  building  which  was  shortly  afterward  burned 
to  the  ground.  An  iHlitorial  from  tho  New  York  '*  Sun  "  speaks  of 
the  efficiency  c)f  a  fire  drill  in  a  hospital  and  a  sch(M)l  where  large 
numbers  of  children  were  in  (laTi«i:er  of  destruction  by  fire,  Imt 
<|iiietly  marched  from  the  buildin^j^s;  whereas,  in  two  fact(»ries  the 
juliilt  emph)yees  were  crazed  with  fri^^ht  by  an  imaginary  danger 
an<l  injured  one  another  and  destroyed  nmch  property  in  their 
wild  flight  for  siifety. 
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In  many  factories  which  I  have  examined  at  the  request  of  the 
proprietors  to  satisfy  tliem  that  they  were  doing  all  they  could 
for  the  safety  of  their  employees,  I  have  failed  to  find  any  which 
in  one  way  or  another  had  not  introduced  some  obstruction  to 
the  availability  of  their  fire  escapes. 

Many  factories  give  no  thought  to  the  subject  after  the  fire 
escapes  and  fire  buckets  are  supplied,  and  on  one  occasion  the 
question  to  the  superintendent,  what  he  would  do  in  case  a  fire 
occurred  right  then  was  met  by  the  amazing  reply  that  he  would 
think  of  some  way  to  get  his  employees  out.  When  pressed  to 
think  then,  while  he  had  plenty  of  time,  of  a  way  to  do  so,  he  was 
utterly  unal>le  to  say  how  under  conditions  as  they  existed  he 
would  have  gotten  them  out. 

It  is  only  by  going  through  the  maneuvers  which  would  occur 
in  case  of  an  actual  fire  that  the  efficiency  of  the  appliances  and 
escapes  can  be  tested.  A  fire  drill  will  do  this,  and,  once  intro- 
duced, its  desirability  is  too  evident  to  allow  it  to  be  dis- 
continued. 

Mr.  Gcimji'  IlilL — Paragraphs  1,  3,  4,  5,  0,  7,  8  are  heartily 
endorsed.  The  paper  as  a  whole  is  to  be  commended  for  clearly 
stating  the  points  of  interest  to  mechanical  engineers  and  for 
omitting  those  matters  relating  particularly  to  construction,  which 
are  more  appropriately  the  province  of  civil  engineering. 

It  is  especially  noteworthy  and  commendable  that  the  author 
has  given  in  paragraph  23  the  cost  of  the  building  and  the  insur- 
ance rate  obtained,  because  these  facts  present  the  commercial 
aspect.  It  is  to  be  hoped  that  the  author  will,  in  the  conclusion 
of  the  discussion,  state  the  costs  se])arately  for  each  lean-to  and 
the  center  aisle  (showing  the  influence  of  span  and  excessive  height 
on  the  cost),  and  also  state  what  kind  of  fioor  was  provided  in  the 
cost  stated. 

The  writer  presents  ])hotographs  (Figs.  \(\  to  22)  illustrating 
two  plants,  completed  by  him  four  and  five  years  ago,  for  the 
purpose  of  ilhistrating  certain  points  he  wishes  to  discuss. 

Costs:  The  one-story  ))uil(ling,  of  which  Figs.  IT),  17  and  18 
are  interior  views,  are  made  with  cast-iron  columns,  reinforced 
concrete  roofs  cov(M'ed  with  a  tar  and  gravel  surface,  each 
column  supporting  4<m)  scjuare  feet:  Side  walls  of  expanded 
metal  lath,  plaster  and  ])ortlan(l  cement  2  inches  thick; 
floors  3  inches  by  3  inches  yellow  j)ine  on  <]  inches  of  cinder  con- 
crete in   which  sleepers  were  imbedded,  each  piece  of  flooring 
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surface  nailed.  The  skyliglits  hacl  galvanized  iron  frames  cov- 
ered witli  translucent  fabric  in  place  of  glass.  The  buildings  cost 
about  4.1  cents  per  cubic  foot,  or  85  cents  per  s(juare  foot,  made 
up  as  follows: 

Floors  25  cents  per  square  foot:  Roof  (including  columns  and 
centering),  50  cents:  Skylights,  28  cents  per  square  foot  of  hori- 
zontal opening  between  curbs:  Side  walls,  20  cents  per  square 
foot  of  gross  area. 

The  erecting  shop  (Fig.  19)  had  two  lean-tos,  each  60  feet  wide. 


Fig.  18. 


and  a  central  portion  Ou  feet  wide,  50  feet  to  the  underside  of  the 
trusses.  The  ends  of  the  central  part  were  of  corrugated  iron 
hung  to  a  steel  frame,  the  roof  3  inches  yellow  pine  plank,  cov- 
ered with  tarred  felt.  This  building  cost,  as  a  whole,  3.4  cents 
l)er  cubic  foot,  the  lean-tos  costing  4.1  cents,  and  the  center  aisle 
cents. 
The  engine  house  (Figs.  20,  21)  cost  about  §^2  per  square  foot  of 
ground  covered,  but  there  was  a  finished  basement  in  the  engine 
room  portion  and  an  exceptionally  high  ceiling  and  heavy  coal 
bunkers  in  the   boiler  room   part.      The  storehouse   (Fig.  22) 
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Fig.  20. 


Fig.  21. 
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cost  about  $1  per  square  foot  of  floor  area  obtained.  A  building 
with  concrete  floors  laid  on  a  cinder  fill  and  a  roof  constructed 
of  heavy  timber  and  3-inch  plank,  nearly  flat  and  presenting 
the  same  general  outlines  as  the  reinforced  concrete  roofs  shown, 
costs  about  42  cents  per  square  foot  with  simple  skylights;  48 
cents  with  the  modified  sawtooth  skylight. 

Foundations :  The  cost  of  foundations  depends  on  the  char- 
acter of  the  ground,  on  the  weight  of  the  buildings  and  on  the 
method  of  construction  employed.     Reinforced  concrete  is  es- 


FiG.  22. 


l>ecially  valuable  in  that  it  is  in  a  measure  (juite  elastic,  so  that 
unequal  settlements  do  not  injure  the  roofs.  On  the  other  hand, 
concrete  side  walls  4  inches  or  more  in  tliickness  will  almost  cer- 
tainly develop  objectionable  or  unsightly  cracks  unless  especial 
care  and  appreciable  expense  are  ex|)en(le(l  on  their  foundations; 
for  this  reason  the  writer  advocates  *J-ineh  curtain  walls  of  wire 
lath  and  plaster  or  light  brick  walls,  either  being  less  expensive 
and  more  readily  kept  in  order. 

Lhjhtinij :    Fig.  1  of  the  pa|)er  shows  a  well  lit  building de})end- 
ing  on  side  light  entirely.    This  form  of  lighting  denumds  sfHicial 
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treatment  of  the  window  surfaces  exposed  directly  to  the  sun, 
since  the  direct  rays  of  the  sun  are  unbearable  during  a  large 
part  of  the  year. 

Overhead  lighting,  especially  for  buildings  more  than  50  feet 
wide,  is  a  necessity,  and  the  familiar  forms  of  skylights,  either 
isolated  or  of  sawtooth  form,  are  known  to  all.  The  writer 
shows  (Figs.  16  and  17)  the  application  of  translucent  fabric  in 
place  of  glass  to  known  forms  that  gives  at  all  times  an  almost 
])erfect  illumination.  It  is  not  necessary  to  screen  these  lights, 
and  the  objectionable  high  lights,  requiring  a  constant  adjustment 
of  the  retina  and  a  consequent  tiring  of  the  eyes,  are  absent.  The 
buildings  shown  toward  the  right  hand  rear  of  Fig.  19  have  a 
different  form  of  skylight,  giving  all  of  the  advantages  of  the 
sawtooth  with  none  of  its  disadvantages.  Such  roofs,  with  sky- 
lights, should  cost  not  more  than  55  cents  per  square  foot  com- 
plete. 

The  skylight  is  made  with  two  vertical  sides,  ceiled;  the  front 
is  made  nearly  vertical  and  furnished  with  a  hinged  sash  for  ven- 
tilation, the  top  is  a  single  slope  covered  with  fabric  and  admits 
]>ractically  all  of  the  light— some  coming  from  the  front,  which 
should  face  the  north.  In  a  building  20  feet  high  excellent  light- 
ing will  be  obtained  if  there  is  40  square  feet  of  skylight  opening 
in  each  400  square  feet  of  roof. 

Lat/out :  The  writer  is  a  believer  in  and  advocate  of  the  one- 
story  factory  wherever  it  is  possible  to  employ  it.  Properly  de- 
signed, it  will  cost  less  to  build,  heat  and  operate.  If  the  machin- 
ery and  departments  are  properly  grouped  and  arranged  the  cost 
of  i>roduction  will  be  lessened.  The  risks  from  fire,  both  of  par- 
tial or  total  losses,  are  much  less  and  the  distances  partially  finished 
products  are  transported  need  not  be  increased. 

DurnhiJiiij :  llein  forced  concrete  may  be  made  as  durable  as 
commercial  conditions  domand.  It  is  desirable  that  there  should 
be  some  expression  of  o))inion  on  the  part  of  the  members  of  the 
Society  as  to  how  long  these  factory  buildings  should  be  expected 
to  last.  There  an^  cases  where  only  a  year  or  two  would  be 
enough,  other  cases  wliere  5  years  would  do,  but  are  there  any 
cases  where  a  wise  l)usiness  ])olicy  would  permit  a  set  of  buildings 
to  stand  unchanged  for  say  ;5n  years,  unless  the  locality  in  which 
tliey  stand  luid  ceased  todevelo])?  There  may  be  an  affirmative 
answer  from  the  cotton  mills  which  are  *5o  or  more  years  old  and 
certainly  alive  and  progressive,  but  how  about  other  industries? 
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The  translucent  fabric  mentioned  is  made  by  dipping  fine  mos- 
quito wire  netting  into  a  linseed  oil  mixture,  resulting  in  asliglitly 
sticky  covering,  about  3-32  of  an  inch  in  thickness;  it  is  readily 
ignited  by  means  of  a  match,  and  if  the  sheet  is  held  vertically 
will  burn  until  all  of  the  surface  is  charred.  Applied  to  a  skylight 
having  a  wooden  frame,  it  was  tested  by  using  as  kindling  about  one 
bushel  of  pine  shavings,  kindling  and  light  wood  until  the  fabric 
had  apparently  been  thoroughly  ignited.  The  wood  was  then 
swept  oflf  the  skylight  and  the  fire  died  out  in  about  three  minutes, 
extending  only  very  slightly  beyond  the  area  that  was  ignited.  A 
second  test  was  made  by  opening  the  ventilators  at  both  ends  of  the 
skylight,  smashing  a  hole  nearly  one  foot  square  through  the 
fabric  and  igniting  it  with  shavings  as  before.  In  this  case  the 
flames  had  access  to  both  the  under  and  upper  side  of  the  sky- 
light and  a  good  draft  existed.  When  thoroughly  ignited  the 
kindlings  were  again  removed  and  the  fire  died  out  in  four 
minutes,  the  area  affected  being  only  slightly  greater  than  in  the 
first  test.  The  same  skylight  was  used  for  both  tests — it  was 
repaired  in  two  and  one-half  hours  of  time  by  one  man  by  the 
application  of  new  fabric  and  a  little  paint.  The  fabric  should 
be  applied  with  a  sloi)e  of  5  in  12  preferably  of  the  modified  saw- 
tooth form  shown.  It  can  be  cleaned,  is  not  easily  ruptured  and 
is  very  easily  repaired. 

The  writer  is  a  strong  believer  in  the  employment  of  flat  slab 
roofs,  and  in  the  buildings  illustrated  in  the  photographs  fol- 
lowed his  belief  as  far  as  he  was  permitted  by  his  clients.  The 
advantages  are  the  minimum  of  cube  of  building  required;  the 
avoidance  of  dead  air  spiices  which  accumulate  dust  and  dirt; 
facility  in  the  erection  of  all  overhead  appliances;  slow  runoff  of 
rain  water  rendering  its  collection  and  siiving  easy;  the  retention 
of  the  snow  falling  on  the  roof  which  ticts  its  an  insulating  cover 
in  the  Avinter  time;  the  decreasing  of  the  actual  cost  of  the  build- 
ing, although  slightly  increasing  the  cost  per  cubic  foot  of 
building. 

AU  of  the  buildings  illustrated  in  the  photographs  were  heated 
liy  the  hot  blast  method,  in  some  cases  the  hot  air  being  carrie<l 
through  tunnels  below  the  floor  line  and  discharged  into  the 
room  through  branch  pijies  8  or  9  feet  higli,  and  in  other  cases 
through  pipes  suspended  from  the  ceiling.  This  latter  method  is 
somewhat  less  exi)ensive  than  the  former  unless  the  tunnels  are 
a  necessity  for  other  purposes.     In  all  cases  the  supply  of  fresh 
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air  to  the  fan  was  arranged  so  that  a  portion  or  all  of  it  could  be 
obtained  from  the  shop,  so  that  in  extreme  weather  the  air  in 
the  shop  was  circulated  over  and  over  again,  leakage  and  the 
opening  of  doors  keeping  it  fresh,  while  in  moderate  weather  fresh 
air  from  the  outside  was  driven  in. 

In  general,  the  cubic  feet  of  air  space  per  employee  in  a  shop 
is  so  very  large  that  there  is  no  objection  to  circulating  the  shop 
air,  while  there  is  a  very  material  saving  to  be  effected  by  so 
doing.  The  reinforced  concrete  buildings,  as  shown,  are  very 
warm,  as  the  concrete  is  a  poor  conductor ;  the  principal  heat  losses 
occur  through  cracks  around  the  door  and  window  openings  and 
glass  radiation.  The  translucent  fabric  radiates  less  heat  than 
the  glass.  The  2-inch  plaster  walls  are  probably  as  efficient  as 
an  8-inch  brick  wall.  The  writer  has  made  no  experiments  to 
determine  this,  but  iinds  that  heat  computations  based  on  this 
assumption  provide  a  sufficiency  of  heat  units  to  render  the  build- 
ings comfortable. 

In  factory  construction,  so  far  as  fire  risks  are  concerned,  we 
are  in  the  habit  of  regarding  a  fire  as  an  unavoidable  infliction 
which  must  sooner  or  later  visit  every  factory.  It  might  almost 
be  said  that  we  consider  it  necessary  to  build  factories  which  shall 
contain  a  sufficient  amount  of  inflammable  material  to  render  a 
fire  therein  serious.  As  a  consequence,  very  efficient  systems  have 
been  developed  for  fighting  fire — with  the  advent  of  a  reinforced 
concrete  construction  this  should  no  longer  be  necessary.  If  fac- 
tories generally  were  built  along  the  lines  illustrated  in  Figs.  16 
and  IT,  no  fire  protection  would  be  required  other  than  a  few 
chemical  extinguishers  to  be  used  in  the  event  of  a  contents  fire, 
no  insurance  would  have  to  be  paid,  employees  would  be  abso- 
lutely free  from  danger.  Should  multiple  story  buildings  be 
necessary,  it  is  only  necessary  to  make  the  floors  of  rein- 
forced concrete  slabs,  the  side  walls  either  of  the  curtain  construc- 
tion shown  or  of  brick,  and  to  inclose  all  openings  through  the 
floors  with  tight  shafts  to  secure  an  almost  equal  degree  of 
safety.  In  a  building  so  constructed  the  employees  will  be  safer 
if  they  remain  on  their  respective  floors  in  the  event  of  a  contents 
fire  than  they  would  be  in  attempting  to  escape  by  passing  down 
the  stairs  or  down  the  fire  escapes,  even  the  best  of  stairs  being 
dangerous  when  used  by  those  excited  by  the  fear  of  death. 

Referring  to  the  matter  of  costs:  A  statement  of  cost  per  cubic 
foot  of  building  is  very  apt  to  be  misleading  since  a  relatively 
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expensive  construction  may  by  reason  of  excessive  height  produce 
a  lower  cost  than  was  obtained  in  a  similar  building  erected  in  a 
cheaper  manner  but  with  less  height.  The  writer,  therefore,  pre- 
fers a  statement  of  cost  per  square  foot  of  floor  area  obtained. 
The  cost  must  of  necessity  vary  materially  with  the  locality,  since 
different  localities  afford  different  opportunities  for  procuring  the 
aggregate  constituting  the  bulk  of  the  concrete.  It  has  been 
the  writer's  practice  to  allow  an  average  of  1^  barrels  of  cement 
per  cubic  yard  of  concrete,  the  actual  proportions  employed  vary- 
ing from  one-third  of  a  barrel  to  nearly  two  barrels  per  cubic 
yard.  This  fixes  one  element  of  the  cost.  If  the  constructive 
design  is  commercial,  and  if  the  steel  is  disposed  in  the  proper 
manner  without  attempting  to  secure  the  maximum  amount  of 
work  therefrom,  that  is,  if  probably  five  per  cent,  more  steel  is 
used  than  is  really  necessary,  the  placing  and  the  mixing  of  the 
concrete  may  be  performed  by  the  most  unintelligent  of  laborers 
with  perfect  safety.  These  men  can  be  driven  so  that  the  labor 
cost  per  cubic  yard  of  concrete  for  spreading,  mixing,  depositing 
and  ramming  may  be  brought  to  eighty  cents  per  cubic  yard. 
If  engineering  stunts  are  attempted,  such  for  example  as  the 
arched  roof  shown,  the  greatest  possible  care  must  be  given  to 
every  detail  of  the  work,  with  a  consequent  increase  in  expense, 
and  this  is  not  good  business. 

Prof.  A.  L,  Williston. — I  wish  to  refer  to  the  tests  that  Mr. 
Turner  has  spoken  of.  They  were  made  by  Prof.  Ira  H.  Woolson, 
of  Columbia  University,  in  cooperation  with  the  Bureau  of  Build- 
ings of  New  York  City  and  the  Turner  Construction  Company. 

The  purpose  of  the  tests  was  to  discover  the  effects  of  long- 
continued  and  intense  heat,  such  as  occurs  in  a  general  conflagra- 
tion on  concrete  construction;  and  also  the  effect  of  the  sudden 
application  of  water  on  concrete  when  it  has  been  thoroughly 
heated. 

A  small  building  of  reinforced  concrete  about  18  feet  long,  13 
feet  wide,  and  11  feet  high,  with  a  top  which  was  so  con- 
structed that  it  could  be  used  for  floor  test  as  well  as  for  a  roof, 
was  erected  for  the  purpose  of  the  tests,  and  was  subjected  to  fire 
and  water  tests  and  load  tests.  Two  firing  doors  were  placed  in 
the  east  wall  of  the  building  and  draft  openings  at  the  bottom 
and  smoke  openings  at  the  top  were  provided,  so  that  an  intensely 
hot  fire  could  be  maintained  in  all  parts  of  the  interior  chamber. 
The  fuel  used  was  wood,  which  was  fired  on  a  roughly  constructed 
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grate  over  the  entire  area  of  the  chamber  in  such  a  way  that  there 
was  a  strong  and  continuous  draft  passing  up  through  all  parts 
of  the  fire. 

A  dead  load  of  150  pounds  per  square  foot  was  placed  on  the 
floor  above  the  chamber  before  tlie  fire  was  started,  and  this  load 
was  maintained  during  the  fire  test  Careful  measurements  were 
made  of  the  deflections  during  the  fire  test,  and  both  before  and 
after  the  fire  was  started.  After  the  building  had  cooled  down 
a  load  of  600  pounds  per  square  foot  was  applied  and  measure- 
ments of  deflection  were  again  made. 

The  fire  test  lasted  a  trifle  over  four  hours,  during  which  time 
a  mean  temperature  of  about  1,700  degrees  Fahr.  was  maintained. 
At  the  end  of  the  fire  test,  while  the  building  was  still  red  hot,  a 
l^-inch  stream  of  water  was  played  on  the  inside  of  the  building, 
directed  onto  tlio  ceiling  and  the  different  sides  of  the  building 
for  about  five  minutes.  The  floor  above  was  then  flooded  for 
five  minutes.  And  for  five  minutes  more  a  jet  of  water  was 
played  on  the  lower  side  of  the  ceiling.  The  stream  of  water  was 
applied  at  short  range  and  under  a  pressure  of  60  pounds. 

During  the  fire  it  was  noticed,  in  a  few  places,  that  the  concrete 
scaled  off  slowly,  with  sharp  little  explosions,  caused  by  the  sud- 
den generation  of  steam  from  tlie  moisture  in  the  walls.  The 
walls  were  full  of  moisture,  as  was  evidenced  by  the  fact  that  soon 
after  the  test  started  the  water  l>egan  to  sweat  through  onto  the 
outside.  Tliis  greatly  increased  until  the  water  ran  freely  down 
the  sides.  It  contiiniod  for  about  two  and  a  half  hours,  and 
the  amount  of  water  was  surprisingly  large. 

Observations  madci  just  before  the  application  of  the  water 
sh()W(Ml  that  the  blowing  off  of  the  ctmcrete  had  done  no  material 
damage  to  the  building.  The  columns  and  a  few  spots  on  the  ceil- 
ing were  c*hipp(Ml  off  iu  ]>at(*hes  a  foot  or  more  long  and  a  little 
over  an  inch  deep.  There  wore  also  numerous  patches  blown  off 
from  the  sidewalls,  but  the  girders  appeared  to  be  in  nearly  per- 
fect condition.  When  the  water  was  applied  more  of  the  concrete 
chipped  off  in  places.  The  floor  slab  was  pitted  to  the  depth  of 
J  inch,  and  a  few  cracks  which  appeared  tx)  bo  superficial  were 
noticed.  The  concrete  on  the  Inittom  of  one  of  the  girders  at  the 
middle  was  knocked  off  and  ex{)()sed  the  metal  rods  for  a  space 
of  several  feet,  but  this  was  the  only  place  where  the  metal  was 
exposed,  and  none  was  exposed  before  th(*.  water  was  applied. 
With  the  exception  of  the  few  slight  defects  which  I  have  men- 
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tioned,  the  whole  building  seemed  to  be  in  excellent  condition 
at  the  end  of  the  fire  and  water  test. 

After  the  building  was  entirely  cooled  down  a  load  of  600 
pounds  per  square  foot  was  applied  over  the  entire  floor  to  ascer- 
tain whether  the  structure  had  been  weakened  by  this  fire  test  or 
not.  The  cracks  above  referred  to  were  not  enlarged  by  the  appli- 
cation of  this  load,  and  the  deflection  caused  by  it  was  practically 
no  greater  than  would  have  occurred  had  the  load  been  applied 
before  the  fire  test.  The  maximum  warping  due  to  the  fire,  while 
tlie  fire  was  in  progress,  was  |  inch,  the  greater  part  of  this  being 
caused  by  the  expansion  of  the  walls.  The  intense  heat  lifted  up 
the  side  walls  as  well  as  slightly  arched  the  floor.  After  the  build- 
ing had  cooled  down  again  the  floor  returned  to  nearly  its  original 
position,  the  maximum  permanent  cliange  in  any  part  of  the  floor 
being  but  ^  inch.  The  maximum  effect  of  the  GOO-pound  load 
over  eacli  square  foot  of  floor  was  also  less  than  ^  inch. 

I  will  not  go  into  any  greater  details  regarding  these  tests  be- 
cause the  report  of  them  is  already  in  print,  but  I  felt  that,  in 
connection  with  the  paper  which  lias  just  been  presented,  the  So- 
ciety would  be  interested  in  these  few  facts  which  I  have  presented. 

Mr.  Geo.  Hill. — May  I  say  one  word:  The  cost  stated  in  the 
paper,  I  believe,  and  the  cost  stated  by  myself  I  know  are  not  per 
cubic  foot  of  concrete,  but  per  cubic  foot  of  finished  building — 
a  very  different  matter.  I  would  say,  in  regard  to  roof  slabs,  that 
my  belief  is  tliat  our  factory  buildings  sliould  be  one  story  in 
heiglit.  The  flat  slab  is  a  most  excellent  thing  to  hang  things 
from,  and  is  protected  from  the  weather  on  the  outside  with  a  tar 
or  gravel  or  felt  roof;  and  it  is  good.. 

^fr.  Fred.  W.  Taylor. — I  wish  to  particularly  thank  Mr.  Hunt- 
ing for  the  trouble  that  he  has  gone  to  in  presenting  the  paper. 
It  is  impossible  to  get  too  much  exact  information.  That  is  what 
we  want,  for  it  is  only  from  exact  and  full  knowledge  of  facts  that 
we  are  able  to  formulate  our  theories  and  laws;  and  while  all  that 
he  has  given  us  is  very  satisfactory,  there  are,  perhaps,  a  few 
points  which  would  make  his  data  still  more  valuable. 

As  to  this  cost  of  3 1  cents  per  cubic  foot,  it  would  be  highly 
desirable  to  know  accurately  the  elements  from  which  this  cost 
was  made  up,  namely:  The  price  of  ordinary  day  labor  as  he  used 
it ;  the  price  of  skilled  labor,  and  the  various  kinds  of  skilled  labor 
used ;  the  total  amount  of  skilled  labor  to  1x5  used  on  the  job,  and 
the  total  amount  of  ordinary  cheap  labor;  the  cost  of  all  the  raw 
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BEARINGS. 

Locomotive  Bearings, 

Mr.  Geo.  R.  Henderson. — In  locomotive  practice  the  gauge  of 
the  track,  and  consequently  the  distance  between  hubs  of  driving 
and  truck  wheels,  limits  the  extreme  length  possible  over  bearings. 
The  link  motion,  cylinders,  etc.,  prevent  drawing  the  frames 
closely  together;  consequently,  the  distance  from  the  cont^r  of 
pressure  on  bearing  (corresponding  to  the  location  of  the  spring 
rigging)  to  tlie  outside  edge  of  box  has  often  been  less  than  half 
the  desired  length  of  bearing.  Under  these  circumstances  the 
practice  of  increasing  the  length  by  extending  the  inner  side  has 
at  times  been  resorted  to.  This  reduces  the  average  unit  pressure, 
but  imposes  an  eccentric  load  on  the  journal. 

For  instance,  a  driving  journal  may  have  been  originally  or  in 
a  similarly  designed  engine  10  inches  in  length,  and  by  adding  2 
inches  to  the  inside  a  box  12  inches  long  is  obtained,  the  spring 
saddle  maintaining  its  original  position  of  5  inches  from  the  outer 
end  of  the  bearing.  It  has  often  been  found  that  such  an  arrange- 
ment gave  trouble  by  heating  or  uneven  wear,  and  that  better 
results  were  obtained  by  shortening  the  box  so  that  the  center  of 
the  load  would  coincide  with  the  center  of  the  length  of  journal. 
The  average  unit  load  was  thereby  increased,  but  a  concentration 
of  load  was  avoided.  This  can  be  explained  by  referring  to  Fig.  1. 
In  the  upper  view,  the  load  P  is  applied  centrally  as  to  the  length 
I,  and  the  unit  pressure  is 

p=l ^1) 

d  being  the  diameter,  and  this  pressure  p  will  be  uniform  through- 
out the  length  Z.  If  now  we  add  to  the  inside  of  the  bearing,  as 
shown  in  the  lower  view,  so  that  the  load  P  is  away  from  the  center 

*  Presented  at  the  New  York  meeting,  December,  1905,  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  27  of  the 
Transactions. 
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of  the  new  length  by  the  distance  x,  the  line  ah  being  the  center 
line  of  the  bearing,  the  unit  load  or  pressure  at  the  edges  of  the 
bearing  will  be 

p.px    pn.6x-,  (2) 


^  ~dl     idV     (UL   ^   I 


] 


the  positive  sign  referring  to  the  edge  nearest  to  P  and  the  nega- 
tive to  the  farthest  edge. 


As  an  example,  let  iis  take  a  case  in  which  the  load  F  =  1G,000 
pounds,  the  diameter  d  =  S  inches  and  the  length  I  =  10  inches. 
If  the  load  be  central,  e(iuation  one  gives  us  for  the  uniformly  dis- 
tributed pressure  200  pounds  per  square  inch,  thus: 


10,000 

8  X  10 


200. 
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If  now  we  add  2  inches  to  the  inside  of  the  box,  leaving  the 
application  of  the  load  as  before,  we  have  Z  =  12  and  a;  =  1, 
and  from  equation  2  we  obtain 

p' =  SrS  [^  =^  A]  =  ^^^  ^^  ±  *)  =  2*^  *°^  ^^' 

the  larger  value  being  the  unit  pressure  at  the  outside  edge,  and 
the  lower  value  the  unit  pressure  at  the  inside  edge  of  the  bearing. 
While  the  average  pressure  is  only  166  pounds  per  square  inch,  the 
concentration  increases  the  maximum  pressure  to  25  per  cent. 
more  than  with  with  a  10-inch  journal  and  with  the  central  load. 

Of  course  we  do  not  mean  to  indicate  that  ordinarily  an  engi- 
neer would  wantonly  place  a  load  eccentrically  on  a  bearing,  but 
under  the  conditions  quoted  it  is  often  difficult  to  reduce  the  unit 
load  to  the  desired  value,  especially  as  it  is  a  serious  proceeding 
to  increasie  the  diameter  of  the  axle  over  what  is  actually  needed, 
and;  besides,  an  increase  in  diameter  augments  the  rubbing  speed 
and  ordinarily  overcomes  the  benefit  of  reduced  pressure,  except 
as  to  forcing  out  the  lubricant 

As  outlined  above,  however,  it  is  generally  preferable  to  get 
along  with  an  increased  unit  pressure  than  to  create  an  eccentric 
loading. 

Bearing  Metals.    Notes  Regarding  Methods  of  Testing  and 

Qualities. 

Laboratory  Tests. 

Prof.  R.  C.  Carpenter. — ^In  my  opinion  there  is  no  method  of 
making  a  laboratory  test  of  bearing  metals  which  is  likely  to  bring 
out  all  the  qualities  which  are  required  for  satisfactory  work  under 
all  conditions.  The  Thurston  oil-testing  machine,  which  is  well 
known  to  most  members,  gives  the  co-efficient  of  friction  with  sub- 
stantial accuracy.  In  that  machine  the  load  is  applied  on  both 
top  and  bottom  bearings,  wliich  exaggerates  the  heating  effects  that 
usually  occur  in  practice,  for  in  practical  ca3es  the  load  is  carried 
by  one  bearing  alone.  This  has  the  advantage  of  britiging  out 
I)ractical  defects  in  a  much  shorter  time  than  would  usually  occur 
in  practice,  which  is  desirable  in  a  sliort  time  test.  The  results 
obtained  with  the  machine  depend  more  upon  the  lubricant  used 
than  upon  the  nature  and  character  of  the  bearing  metal,  and  there 
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is  no  definite  standard  of  lubrication  with  which  the  methods  em- 
ployed on  the  machine  can  bo  compared.  It  is  a  well-known  fact 
that  bearing  metals  under  one  condition  of  lubrication  may  be 
highly  successful  and  fail  entirely  under  another  condition  of 
lubrication. 

To  overcome  these  defects  I  have,  in  a  number  of  instances, 
tried  a  method  of  testing  in  which  no  lubricant  should  be  employed, 
the  relative  results  being  expressed  by  considering  the  nimiber  of 
turns  required  to  reach  a  given  temperature  for  a  given  pressure 
per  square  inch.  This  method  has  not  been  carried  f^r  enough  to 
make  me  at  all  certain  of  its  value  or  whether  or  not  it  would  give 
comparative  results  of  any  practical  value. 

A  method  which  has  seemed  most  valuable  for  laboratory  re- 
sults has  been  that  of  supplying  a  limited  and  known  quantity  of 
lubricant  and  noting  the  temperatures  and  coefficient  of  friction 
corresponding  to  different  pressures  for  a  given  travel  of  the  sur- 
face of  the  journal.  In  applying  a  test  of  this  kind  the  bearing 
metal  will  seize  the  journal  at  some  temperature  and  pressure,  and 
that  has  been  considered  the  limiting  point  which  in  a  measure 
determines  the  comparative  value  of  a  given  bearing  metal.  This 
result  is  highly  artificial,  as  there  is  no  means  of  definitely  apply- 
ing with  certainty  a  known  amount  of  lubricant  to  the  face  of  the 
journal.  For  the  above  reasons,  the  laboratory  tests  are  often  mis- 
leading. 

To  determine  the  value  of  a  bearing  metal,  it  should  be  tested 
under  very  arduous  practical  conditions  and  with  varying  degrees 
of  lubrication  for  a  long  period  of  time.  The  coefficient  of  fric- 
tion is  generally  a  function  of  the  lubrication  rather  than  of  the 
character  of  the  bearing  metal,  although  it  is  certainly  affected  by 
the  quality  of  the  metal  in  some  degree. 

Desired  Qitalities. 

The  qualities  which  a  bearing  metal  should  have  in  order  to  be 
satisfactory  are  quite  varied  in  nature,  and  in  some  respects  some- 
wliat  contradictory.  The  bearing  metal  should  first  of  all  be  one 
that  lias  considerable  adliesion  for  a  lubricant  and  is  readily  wetted 
by  it.  It  should  also  be  softer  than  the  shaft  which  it  supports,  so 
that  in  case  of  lack  of  lubrication,  or  in  case  hard  gritty  material 
gets  in  the  bearing,  the  bearing  material  would  be  injured  rather 
than  tlio  journal.    It  sliould  be  hard  enough,  however,  to  retain  its 
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shape  under  any  conditions  of  pressure  or  temperature  which  are 
likely  to  be  imposed  upon  it  by  actual  use.  The  melting  tempera- 
ture of  the  bearing  metal  should  be  less  than  that  of  the  journal 
which  it  supports,  but  should,  at  the  same  time,  be  readily  melted 
by  changes  in  temperature  which  occur  in  practice.  The  bearing 
metal  when  melted  should  not  possess  the  property  of  adhering  or 
welding  fast  to  the  journal. 

Soft  Metah. 

For  many  purposes  where  tlie  pressures  are  low  and  tempera- 
ture not  likely  to  get  high,  a  very  soft  bearing  metal,  such,  for 
instance,  as  may  be  made  from  85  per  cent,  lead  and  15  per  cent 
antimony,  is  excellent.  This  metal  is,  however,  entirely  unsuited 
fur  hard  service,  as  it  readily  changes  its  form  with  increase  of 
tempera  tun;.  The  bearing  metal  known  as  genuine  Babbitt,  con- 
sisting of  tin,  85  to  80  per  cent. ;  copi)er,  2  to  5  per  cent.,  and 
antimony  7  to  10  per  cent,  is  probably  adapted  for  a  wider  range 
of  use  than  any  oiXwr  metal  which  has  ever  been  designed  or  in- 
vented. On  account  of  the  large  amount  of  tin  this  metal  is  ex- 
pensive, and  there  is  a  great  temptatiim  to  j)alm  off  as  a  substitute 
a  metal  containing  a  considerable  portion  of  lead.  As  a  result  of 
my  experience,  a  considerable  amount  of  lead  can  be  used,  pro- 
vided it  alloys  i)orfectly  with  the  other  metal  and  does  not  render 
the  com])ound  too  soft.  Lead  is,  however,  a  i)Oor  conductor  of  heat; 
for  a  given  ccmdition  of  lubrication  and  work  performed,  a  bearing 
metal  containing  much  lead  is  likely  to  run  warmer  than  one  con- 
taining other  metals. 

The  soft  metals  mentioned  above  possess  the  advantage  that  they 
can  be  easily  melted  and  cast  into  shape  in  place  if  desired  or  as 
needed  for  use  on  the  journal. 

Hard  Metals. 

There  are  a  number  of  other  metals  which  have  a  high  melting 
point  and  quite  a  large  coefficient  of  contraction  which,  if  used  for 
bearing  metals,  must  be  cast  in  separate  moulds  and  finished  on 
machine  tools  before  applying.  These  metals  vary  in  hardness  to 
a  considerable  extent,  the  phosphor  bronze  being  probably  the  hard- 
est and  the  yellow  brasses  the  softest.  I  made  extensive  experi- 
ments with  a  bearing  metal  of  this  class  consisting  of  an  alloy  of 
aluminum,  zinc  and  copper,  the  zinc  being  largely  in  excess  of 


BEARINGS.  426 

the  other  ingredients.  That  alloy  was  very  satisfactory  when  zinc 
of  the  proper  purity  could  be  obtained,  but  was  so  much  affected 
by  the  impurities  likely  to  be  found  in  zinc  that  it  was  frequently 
quite  unsatisfactory  in  practice. 

I  have  found  that  a  mixture  consisting  of  50  per  cent,  of  alumi- 
num, 25  per  cent  of  zinc  and  25  per  cent,  of  tin  forms  aii  alloy 
which  has  many  excellent  properties  as  a  bearing  metal.  It  is 
light  in  weight,  has  a  fair  degree  of  hardness,  a  moderately  high 
melting  point,  and,  so  far  as  I  can  determine  from  laboratory  ex- 
periments and  some  practical  applications,  is  a  superior  metal  for 
certain  kinds  of  bearings. 

Conclusion. 

From  the  uncertain  nature  of  our  methods  of  testing  and  from 
the  varied  conditions  under  which  bearing  metals  are  used,  it  is 
easy  to  understand  the  differences  of  opinion  which  are  held  by 
various  engineers  regarding  the  quality  of  the  same  bearing  metal. 
This  fact  also  probably  explains  the  reason  why  such  a  variety  of 
grades  and  prices  of  bearing  metal  can  be  marketed. 

In  my  opinion  there  is  no  positive  criterion,  no  single  definition 
or  specification,  which  can  adequately  describe  a  bearing  metal 
which  shall  be  universally  satisfactory  for  all  work  and  conditions. 

Tesfs  of  Large  Shaft  Bcar'mrjs. 

Mr,  Albert  Kingsbury, — The  following  tests  were  made  in  1904 
by  the  Westingliouse  Electric  and  Manufacturing  Company  at 
their  East  Pittsburg  works.  The  special  apparatus  required  was 
made  for  the  Niagara  Falls  Hydraulic  Power  and  ^lanufacturing 
To.,  at  wli(>s(}  request  the  experiments  were  undertaken. 

The  ap[)aratus,  shown  in  Figs.  2  and  ^,  consisted  of  a  horizontal 
shaft  supported  in  two  bearings,  each  D  inches  dianietiM'  oO  incljos 
long,  with  a  third  Ix^aring  15  inches  diameter  40  inches  long,  mid- 
way between  the  supporting  l)earings.  The  15-inch  bearing  was 
pressed  upward  against  the  shaft  by  means  of  a  lever  made  from 
two  15-inch  I-beams,  weighted  at  its  outer  end.  The  0-inch  bear- 
ings each  carried  half  the  load,  less  half  the  weight  of  the  shaft. 
These  three  bearings  are  designat(Ml  A,  B  and  C,  beginning  at 
the  left  in  Fig.  2.  The  shaft  w^as  driven  by  a  Westinghouse  No. 
50  (150  horse-power)  direct  current  railway  motor;  for  shaft 
speeds  not  exceeding  500  revolutions  per  minute,  the  motor  was 
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mounted  as  shown  in  the  figures,  with  a  21-tooth  and  60-tooth 
gear ;  for  higher  speeds  the  motor  was  mounted  on  the  floor,  with 
a  26-inch  pulley  on  the  armature  shaft  and  12-inch  pulley  on  the 
test  shaft,  driving  by  an  8-inch  double  leather  belt.  The  electrical 
power  supplied  to  the  motor  was  the  only  available  basis  for  esti- 
mating the  friction  of  the  bearings;  the  motor  efficiency  being 
approximately  67  per  cent,  at  45  to  54  amperes,  and  85  per  cent, 
at  114  to  127  amperes,  the  total  power  consumed  by  the  bearings 
A,  B  and  C  was  determined,  but  their  separate  frictions  could 
not  be  found. 

The  shaft  journals  were  made  true  with  lead  laps  and  finished 
with  emery  cloth.  The  bearings  were  lined  with  genuine  babbitt 
metal,  scraped  to  fit  the  shaft.  The  clearance  over  the  top  and 
sides  was  about  0.03  inch  in  B,  and  this  proved  to  be  ample.  The 
vertical  clearance  in  A  and  C  was  about  0.007  inch  or  0.008  inch 
and  was  not  enough  to  provide  for  the  expansion  of  the  shaft  and 
inner  part  of  the  bearings  under  the  rapid  heating  of  the  most 
severe  tests.  The  bearing  sleeve  of  B  was  cored  for  water  cooling; 
the  lower  half  only  was  connected  for  water  circulation,  with  ther- 
mometer wells  at  inlet  and  outlet,  and  with  a  1-inch  water  meter 
at  the  inlet. 

The  bearings  were  flooded  with  oil  from  a  small  supply  tank, 
to  which  the  drip  was  returned  by  a  motor-driven  pump  through  a 
coil  of  140  feet  of  1-inch  pipe,  with  provision  for  water  cooling, 
as  desired.  The  oil  supply  pipe  to  each  bearing  was  connected  into 
a  wide  and  deep  groove  in  the  face  of  the  babbitt,  parallel  to  the 
sliaft  and  extending  nearly  the  full  length  of  the  bearing;  the 
groove  was  located  at  the  top  of  the  bearing  in  B,  and  at  the  side  in 
A  and  C. 

Detailed  data  of  the  conditions  and  results  of  the  tests  are  given 
in  the  appended  table. 

The  test  runs  were  generally  of  about  seven  hours'  duration  each 
day,  starting  with  all  parts  cool,  and  bringing  the  shaft  up  to  full 
speed  as  quickly  as  possible.  If  the  speed  was  quickly  raised  to 
about  1,000  revolutions  per  minute  it  was  found  that  the  expansion 
of  the  shaft  and  inner  part  of  the  bearings  caused  binding,  par- 
ticularly in  the  bearing  C ;  hence  to  roach  tlie  higher  speeds  it 
was  necessary  to  accelerate  slowly,  allowing  at  least  three  hours  for 
heating  the  outer  parts.  The  load  was  relieved  at  starting  because 
of  the  very  groat  torque  that  would  be  required  for  starting  under 
load. 
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Bearings  A  and  B  became  somewhat  damaged  apparently  from 
raising  the  speed  too  rapidly  in  the  final  run  (No.  13),  in  which 
a  speed  of  about  1,350  revolutions  per  minute  was  attained  within 


e 


\\  hours,  including  a  stop  of  1^  hours,  the  load  being  101,000 
pounds. 

The  Ihiclmeas  of  the  oil  film  between  the  shaft  and  the  bearing 
B  was  measured  approximately  at  successively  reduced  speeds 
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under  a  load  of  94,000  pounds  at  the  close  of  test  run  No.  12. 
Four  "  Bath  "  lathe  indicators  were  used  for  this  purpose,  two 
being  attached  to  each  end  of  the  housing,  with  contacts  on  the 
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W.E.&M.Co. 

I5'x  40r  Bearing  Test  (Apr.16.1004.) 

Thickness  of  Oil  Film 

Load  94000  Lbs. 

Lubricant,  Paraffin  Oil 


40J        500        (XX)        TOO        800 
Rovolutlona  per  Minute 

Fig.  4. 
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shaft  at  lh(^  positions  1)  and  K^  nvspectivcly  (Fi^.  4).  The  rehi- 
tive  displacciiu'iit  of  the  shaft  and  bearing  by  the  oil  film,  as  shown 
by  the  onrvo  (  V'v^.  4)  is  «xr('ator  at  D  than  at  E  at  all  speeds;  this 
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condition,  as  theoretically  proved  by  Osborne  Reynolds  ("  Theory 
of  Lubrication,"  Phil.  Trans,,  1886),  is  essential  to  complete  lu- 
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15'x  40- Bearing  Tests 

Relative  Viscosities  of  Lubricants 

By  "DooUttlo"  Viscometer 
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brication  and  is  automatically  maint-uined.     It  should  be  noted, 
however,  that  the  film  thickness  was  probably  greater  than  the 
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measurements  indicated,  owing  to  the  flexure  of  the  shaft.  The 
speed  could  not  be  controlled  blow  400  revolutions  per  minute 
owing  to  the  lightness  of  the  load  on  the  motor ;  but  the  rapid  in- 
crease of  friction  due  to  imperfect  lubrication  occurred  at  about 
300  revolutions  per  minute  as  the  speed  was  reduced.  The  lower 
limit  of  speed  for  complete  lubrication  might  be  expected  to  be 
determined  by  the  conditions  in  the  bearing  A  or  in  C,  or  both, 
rather  than  by  those  in  B;  nevertheless,  the  curve  for  the  point 
E  appears  to  show  that  the  metals  in  B  came  into  contact  at  about 
300  revolutions  per  minute,  the  apparent  lower  speed  limit. 

As  will  be  seen  from  the  table  of  data  and  results  of  the  tests,  it 
was  found  possible  to  run  the  bearings  with  loads  and  speeds 

TABLE   1.— TESTS  OF  15"   X  40"   AND  9"   X  30'   BEARINGS. 

DATA  AND   RESULTS  OF  TESTS. 

W.  E.  &  M.  CO.,  APRIL,  1904. 
Temperatures  of  Bearings  Constant.* 
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the  (lata  ^Ivcn  are  llio«e  taken  jii»t  before  the  bearing 
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greatly  exceeding  the  ordinary  values  in  practice,  even  without 
water-cooling  the  bearing  sleeve.  The  extreme  case  of  a  successful 
test  is  shown  in  column  12,  in  which  a  run  was  made  under  94,000 
pounds'  load  at  1,243  revolutions  per  minute  with  only  a  very 
small  amount  of  water  run  through  the  bearing  sleeve,  merely  for 
determining  its  temperature.  The  oil  supply,  however,  was  cooled 
in  all  the  tests  except  No.  7  and  the  first  half  of  No.  13. 

It  may  be  noted  in  the  table  that  the  power  required  to  drive 
the  shaft  was  very  nearly  proportional  to  the  speed  of  rotation,  in- 
dependently of  all  other  conditions,  such  as  load,  final  temperature 
attained  and  lubricant  used.  This  result  is  probably  not  a  general 
law,  but  is  noteworthy  even  as  an  accidental  relation. 

Water  as  a  Luhricant  for  Machinery  Bearings. 

Mr.  C,  ]\\  Naj/lor. — Two  jack  shafts,  turutMl  steel,  5  inches  in 
diameter  and  18  feet  long,  each  running  at  250  revolutions  per 
minute,  receiving  and  transmitting  each  175  indicated  horse- 
power from  a  pair  of  steam  engines,  and  driving  by  leather  belts 
5  electric  generators. 

Bearing  boxes  14  inches  long,  plain,  non-self-oiling  type  and 


Bolt  Pull 

^ — 


5'  Shaft  showliiff 
wear  in  Bearing  after 

11  years  use 
NoSoale 


Fig.  6. 


split  on  a  horizontal  phuie.  The  pull  (►f  the  six  belts  were  all  in 
the  same  direction  and  horizontal,  or  practically  so,  the  shaft 
necessarily  pulling  dircdly  against  the  split  in  the  boxes,  which 
were  cast  iron  babbitt  flllcMl. 

For  two  years  1S88-SJ),  nui(»h  trouble  was  experienced  in  keep- 
ing the  boxes  cool  with  oil,  of  which  several  diiferent  grades  were 
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used,  as  well  as  greases.  In  1890  water  was  tried  on  the  bear- 
ings— Lake  Michigan  hydrant  water — with  such  good  results  that 
it  was  continued  until  1901,  for  a  period  of  eleven  years,  without 
any  serious  interruption  for  ten  hours  each  week  day.  A  small 
stream  of  water  was  allowed  to  trickle  through  the  bearings,  and 
at  five  minutes  before  closing  down  oil  was  fed  into  same  to  pre- 
vent the  shaft  rusting  and  sticking  over  night  when  the  machinery 
was  not  in  use.  The  wear  on  the  babbitt  and  boxes  for  the  eleven 
years  was  about  one-fourth  of  an  inch  and  on  the  shaft  it  was  nil. 
On  account  of  the  shaft  being  ])ulled  to  one  side  all  the  time,  the 
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wear  left  a  space  back  of  the  sliaft  in  the  boxes  in  which  an  ordi- 
nary pocket  rule  could  be  inserted. 

The  temperature  of  the  engine-room  was  about  100  degrees 
Fahr.,  and  of  the  wat(U'  from  45  degrees  in  winter  to  G5  degrees 
or  more  in  summer.  The  iner(»as(»  in  temperature  of  the  shafting 
was  inappreciable,  and  less  troubh;  on  that  score  was  experienced 
with  clev(»n  years'  use  of  watijr  than  with  one  month's  use  of  oil. 

The  strain  or  ])ull  on  the*  shaft  was  not  measured,  but  was  very 
great,  for  the  reason  that  the  l)elts  on  tlie  dynamos  were  oil-soaked 
nearly  all  the  time  and  had  to  be  run  very  tight. 

The  plant  was  abandoned  in  1901. 
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Marine  Thrust  Bearings, 

Mr.  G,  jy.  Dickie. — I  was  somewhat  surprised  when  asked  to  give 
a  short  paper  as  food  for  discussion  before  the  Society  on  the 
above  subject,  for,  judging  from  the  rapid  introduction  of  the 
steam  turbine  for  ship  propulsion,  the  thrust  bearing  which  has 
played  so  important  a  part  in  marine  steam  engineering  is  in 
danger  of  losing  its  importance  in  marine  engine  design,  the 
thrust  of  the  propeller  on  the  one  end  of  the  shaft  being  balanced 
by  the  thrust  of  the  turbine  on  the  other  end.  This  defect  in  the 
Parsons  turbine,  the  end  thrust,  is  a  great  advantage  when  ap- 
plied to  screw  propelled  ships,  for  it  balances  the  thrust  of  the 
screw,  thus  saving  the  very  material  loss  by  friction  of  the  thrust 
bearing  and  renders  the  Parsons  turbine  an  ideal  form  of  motor 
for  ships.  Still  for  some  time  to  come  w^e  will  require  thrust 
bearings  for  marine  engines,  and  an  inquiry  as  to  what  the  main 
features  in  a  well-designed  bearing  of  this  character  should  be 
time  well  spent. 

The  marine  thrust  bearing  has  not  changed  in  type  since  the 
introduction  of  screw  propulsion,  although  many  attempts  have 
been  made  to  introduce  some  kind  of  l)aU  or  roller  bearing  with 
the  ol)ject  of  reducing  the  friction  of  the  extended  rubbing  sur- 
faces of  the  l)earing,  but  no  one  of  such  devices  has  succeeded  in 
permanently  taking  the  place  of  the  collar  and  ring  thrust.  The 
adoption  of  the  horseshoe  ring,  better  workmanship  and  improved 
methods  of  lu])rication,  together  with  water  cooling  devices,  have 
brought  the  marine  thrust  bearing  to  its  present  efficiency. 

The  function  of  the  thrust  l)earing  renders  it  difficult  to  experi- 
ment with  for  data,  it  has  therefore  developed  along  the  line  of 
meeting  pressure  with  surface,  providing  that  all  the  surface  in- 
volved will  take  load,  lubricating  and  watching  the  result.  In 
computing  the  pressure  on  a  thrust  ])earing,  the  usual  practice 
is  to  find  the  indicated  thrust,  assuming  two-thirds  of  the  indi- 
cated horse-power  to  be  effective,  the  result  will  be  somewhat  in' 
excess  of  the  actual  thrust  even  in  the  best  cases,  the  pressure  on 
thrust  bearings  being 

T>        T    IT    T3       2  X  00  X  33,000        n       T>  \u      4. 

P  =  I.  II.  P.  X  —3 ^'^^    .     P  =  Pressure  on  thrust 

S  X  3  X  0080 

bearing  S  =  Speed  of  ship  in  knots  per  hour.     Applying  this  to 
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several  types  which  cover  general  practice  and  which  I  have  taken 
from  my  own  work  which  proved  to  be  satisfactory. 

No.  1.     Armored  cruiser.     Speed 22  knots. 

Thrust  ring  surCftce,  horseshoe  type 1188  square  inches. 

Horse-power,  one  engine 11500. 

Indicated  pressure  or  thrust  on  bearing 112,700  pounds. 

Pressure  per  square  inch  of  surface 95  pounds. 

Mean  speed  of  bearing  surfaces 642  feet  per  minute. 

This  would  fairly  represent  naval  marine  engine  practice,  and 
under  the  full  power  conditions  as  given  above  the  thrust  bearing 
needs  careful  watching.  The  length  of  the  bearing  proper,  that 
is,  from  the  after  face  of  the  after  horseshoe  to  the  after  face  of 
the  forward  horseshoe  being  Y2  inches,  the  danger  is  that  any 
part  of  the  bearing  getting  hot  may  so  change  the  relative  dis- 
tance between  the  shaft  collars  and  the  thrust  rings  as  to  disturb 
the  distribution  of  load  and  leave  part  of  the  bearing  out  of 
service.  I  think  that  I  was  the  first  to  make  the  horseshoe  rings 
with  an  independent  circulation  of  cooling  water  through  each 
ring. 
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This  enal)les  the  attendant  to  control  the  heat  of  each  ring 
independently  and  thus  maintain  an  even  temperature  through- 
out the  whole  bearing.  The  l)ase  of  the  bearing  forms  an  oil 
reservoir,  the  bearing  at  ciu'h  end  having  a  stuffing  l)ox  so  that 
the  oil  can  be  carrie<l  al)ove  th(^  lower  line  of  the  shaft,  a  cold 
water  coil  is  fitted  in  the  oil  c*>hanii)er  to  keep  down  the  tempera- 
ture. I  find  that  a  small  surface  is  sufficient  for  this  purpose 
where  the  horeshoe  rings  are  fitted  with  water  circulation.  The 
bearing  noted  above  has  15  feet  of  cooling  surface  for  the  lubri- 
cating oil. 
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iVo.  2.     Protected  cniiser.     Speed 22i  knots. 

Thnist  ring  surface,  horseshoe  typo 891  square  inches. 

Horse-power  of  one  engine 6800. 

Indicated  pressure  or  thnist  on  b(virin;r 89.000  fK>unds. 

Pressure  per  square  inch  of  surface 100-pounds. 

Mean  speed  of  bearing  surfaces 610  feet  per  minute. 

This  bearing  was  fitted  with  independent  water  circulation 
through  each  horseshoe  ring  like  No.  1 ,  and  with  10  feet  of  cool- 
ing surface  for  the  lubricating  oil,  the  working  proving  very 
satisfjictory,  the  thrust  bearing  recjuiring  no  more  care  than  the 
other  bearings  of  the  engine. 

N'o.  3.     Torpcido-hoat  destroyer.     Sp(Hu! 28  knots. 

Thnist  ring  surface,  compl(*to  rings 581  square  inches. 

Ilorse-power  of  one  engine 4200. 

Indicated  pressure  or  thnist  on  bearing 33.600  pounds. 

Pressure  per  square  inch  of  surface 58  pounds. 

Mean  speed  of  bearing  surfaces 827  feet  per  minute 

This  bearing  was  fitted  with  a  complete  water  jacket  and  re- 
quired a  large  stream  of  water  to  control  the  temperature  at  full 
power,  and  constant  care  was  necessary  daring  a  two  hours'  full 
power  run.  It  svill  be  noted  that  the  pressure  per  square  inch  of 
surfiice  was  much  less  than  that  of  No,  1  or  Xo.  2,  but  the  surface 
velocity  was  much  higher  and  therefore  lubrication  was  more 
difficult. 

No.  4.     Firsf-chuss  modern  passengcTship.     Speed 21  knots. 

Thnist  ring  surface,  horseshoe  rings 2208  square  inches. 

Ilorse-power  of  one  engine 15000. 

Indicated  j)ressure  or  thnist  on  bearing 154..500  pounds. 

Pressure  per  s(iuare  inch  of  surface 68. 1  pounds. 

Mean  speed  of  bearing  surfaces 504  feet  per  minute. 

In  this  case  there  is  no  independent  water  circulation  through 
the  horseshoes,  and  the  bearing  gives  no  unusual  trouble.  It  will 
be  noted  that  in  this  case  the  bearing  surface  speed  is  less  than  in 
the  others,  and  C()nsec]uently  lubrication  is  more  certain. 

There  is  considorai)le  difference  in  the  practice  of  prominent 
marine  engine  builders  in  regard  to  thrust  bearings,  but  generally 
it  will  i)e  found  that  for  steady  work  the  pressure  per  square  inch 
of  surface  should  not  exceed  75  pounds  with  a  speed  of  500  feet 
per  minute. 

Mr,  Josq}/f  J.  White. — The  journal  box  hereinafter  described 
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was  designed  to  overcome  the  difficulty  of  adjusting  the  cap  of 
the  box  in  general  use. 

Twenty  years  ago  I  was  interested  in  the  manufacture  of  wood- 
working machinery,  tlie  journal  boxes  of  which  were  usually 
babbitted  for  shafts  making  from  four  thousand  to  five  thousand 
revolutions  per  minute.  Paper  or  wood  liners  were  placed  beside 
the  shaft  in  the  box  to  support  the  cap,  which  was  held  in  place 
by  four  ])olts.  To  stop  each  of  these  bolts  at  the  proper  point 
was  no  easy  matter,  and  there  was  no  way  of  knowing  whether  the 
feat  had  been  successfully  accomplished  without  starting  up  the 
machine  and  noting  the  result,  then  twisting  and  trying  again 
and  again  until  the  shaft  ran  without  heat  or  vibration. 

To  overcome  these  difficulties  I  constructed  and  patented  during 
1891  the  journal  box  shown  in  Fig.  9.     Briefly  stated,  the  im- 
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provement  consists  in  fitting  the  cap  ''C"  accurately  l>etween 
the  side  walls  **AA,"  where  it  may  be  quickly  and  securely 
clamped  by  the  ])olts  *'T)1)." 

Perfect  adjustment  is  ol)tained  l)y  first  oiling  the  shaft  and  then 
placing  the  cap  ''(V'  in  position,  where  it  rests  upon  a  film  of 
oil.  The  side  walls  and  cap  arc  then  clam])od  together  without 
changing  the  position  of  the  cap,  thus  leaving  it  in  adjustment 
with  the  proper  oil  space  at  all  points  and  no  possilulity  of  heat- 
ing if  oil  is  supplied. 

During  the  last  twelve  years  these  l)0xes  have  l>een  used  suc- 
cessfuUv  on  wood-workinc:  machinerv. 
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Mr.  George  M.  Basford, — The  unknown  quantities  in  the  mat- 
ter of  stresses  to  which  locomotive  parts  are  subjected  place  loco- 
motive designing  in  a  class  by  itself. 

The  rules  for  designing  certain  parts  are  absolutely  fixed  and 
definite,  in  accordance  with  well-known  principles,  while  the 
designing  of  other  parts  depends  upon  quantities  which  are  un- 
certain and  impossi])le  to  measure. 

In  the  matter  of  locomotive  bearings,  it  is  of  little  practical 
use  to  study  the  coefiicient  of  friction.  Eules  for  bearing  pres- 
sures which  are  entirely  satisfactory  for  other  construction  will 
not  answer  at  all  for  locomotives. 

Bearing  areas  for  locomotive  journals  are  determined  chiefly 
by  the  possibilities  of  lubrication.  They  are  affected  by  the  very 
severe  service  to  which  locomotives  are  subjected,  and  the  pres- 
ence of  dust,  sand,  ashes  and  cinders  must  be  reckoned  with. 

In  stationary  or  marine  practice  definite  loads  may  be  provided 
for,  but  this  is  not  the  case  with  locomotives.  The  fluctuating 
load,  combined  with  the  possible  presence  of  grit,  renders  it  nec- 
essary to  provide  for  sudden  changes  in  the  coefficient  of  friction 
by  providing  a  large  factor  of  safety. 

Locomotives  must  work  out  of  doors  with  varying  temperatures, 
and  they  must  work  under  conditions  which  render  it  impossible 
to  give  them  the  attention  which  all  kinds  of  expensive  machinery 
should  receive. 

Concerning  locomotive  bearings,  an  extended  experience  has 
shown  that  crank  pins  may  be  loaded  to  from  1500  to  1700  pounds 
per  square  inch.  These  bearings  are  subject  to  alternating 
stresses,  rendering  lubrication  relatively  easy,  and  lubrication  is 
the  limiting  factor  in  locomotive  beai'ings. 

Wrist  pins  may  be  loaded  to  about  4000  pounds  per  square 
inch  because  their  rotary  motion  is  not  complete  and  the  throat 
changes  twice  in  every  revolution.  With  journals  the  case  is 
different,  there  being  no  relief  to  permit  of  easy  lubrication. 
On  locomotive  driving  journals  it  has  been  found  that  the  fol- 
lowing figures  give  good  service: 

Pasp(^nger  locomotives,  about  190  lbs.  per  sq.  in. 
Kreiglit  **  **      200   "      ** 

Switching  '*  *'      220   **      ** 

To  provide  the  proper  bearing  area,  and  also  provide  for  the 
piston  thrust,  large  modern  locomotives  sometimes  require  main 
driving  journals  as  large  as  10 J  x  13  inches. 
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Car  and  tender  journals  present  the  condition  of  beams  fixed 
at  one  end  and  loaded  more  or  less  uniformly.  In  these  cases 
two  limitations  to  the  sizes  of  bearings  are  presented: 

Firstj  the  iiber  stresses  of  the  journal  must  not  be  too  high. 
St'cofidy  there  must  be  sufficient  bearing  area  to  insure  cool  running. 

As  a  rule  the  various  sizes  of  axles,  adopted  as  standard  by  the 
Master  Carbuilders'  Association,  may  be  loaded  slightly  more 
in  pounds  per  square  inch  of  projected  bearing  area  without  ex- 
ceeding the  allowable  fiber  stresses,  than  would  be  permissible  to 
provide  properlj'^  against  heating,  but  both  of  these  limitations 
must  be  borne  in  mind. 

Car  and  tender  bearings  are  usually  loaded  from  300  to  325 
pounds  per  square  inch  of  projected  area,  but  even  this  unit  load 
is  misleading,  because  in  parts  the  load  per  square  inch  of  actual 
bearing  area  may  be  very  much  higher  because  of  the  rough 
character  of  the  bearing. 

Mr.  P.  JL  Been, — The  following  represents  the  practice  of 
one  of  the  largest  Corliss  engine  builders  in  the  United  States  as 
used  for  engines  which  are  either  belted  for  power  purposes  or 
direct  connected  to  generators: 

1.  Metals  suitable  for  bearings: 

All  bearings,  no  matter  of  what  pressure  or  speed,  are  lined 
with  the  best  gnule  of  ba])l)itt  metal. 

This  l)al)l)itt  metal  covers  the  entire  bore  of  the  shells. 

The  bal)l)itt  is  held  l)y  dove-tailed  grooves,  the  grooves  being 
core<l  in  the  cast-iron  sIkHI 

After  babbitt  is  cast  in  shell,  it  is  hammered  in  place  with  a 
peen  hammer  and  then  bored  inch  larger  in  diameter  than  the 
shaft. 

2.  Lubrication  of  ])earings: 

The  oil  box  on  bearings  is  fast  going  out  of  use.  On  most 
en^inc^s  two  to  four  (depending  on  length  of  l)earing)  pressure 
oil  cups  arc  used. 

The  Lonergan  or  Lukenheimer  pressure  oil  cups  are  most  gen- 
erally used. 

On  a  f(»w  engines  oil  has  ])een  fed  under  the  shaft  by  pressure; 
\n\t  this,  however,  is  not  the  customary  way  of  oiling  i)earings. 

The  standard  method  is  to  place  the  oil  cups  on  the  cap  of  the 
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bearing,  and  the  oil  drops  from  the  cup  into  a  cored  pocket,  in 
the  top  shell,  this  ]>ocket  being  filled  with  waste. 

Most  engineers  flood  their  bearings  with  a  mineral  oil,  using 
the  same  over  again  l)y  a  gravity  oiling  system. 

The  amount  of  oil  used  depends  on  conditions.  A  22  and 
42x42  tandem  compound  engine,  directly  connected  to  a  genera- 
tor, running  100  revolutions  per  minute  with  120  pounds  steam 
pressure,  had  50  gallons  of  oil  piiss  over  the  main  and  out  board 
bearings  a  day. 

This  engine  had  a  variable  load  «and  ran  20  hours  daily,  with 
bearings  having  a  temperature  of  124  degrees,  engine  room  being 
1)2  degrees  Fahrenheit. 

»>.   Method  of  cooling  bearings: 

r>carings  of  standard  construction  have  no  means  of  being 
cooled. 

In  special  castis  the  lower  shell  is  cored  so  that  water  can  be 
run  through  it. 

In  most  stations  where  the  lower  shells  have  been  cored  for 
water  jacket  it  lias  been  found  unnecessary  to  use  it. 

4.  Limits  of  speeds  and  pressures: 

The  greatest  pressure  per  square  inch  of  projected  area  allowed 
for  all  shafts  is  14o  pounds. 

The  speed  of  tlies(^  shafts  runs  between  75  and  150  revolutions 
per  minute. 

The  weights  considered  on  the  bearing  are  the  dead  weights 
only;  that  is,  the  wheel,  generator  rotor,  shaft,  cranks  and  ec- 
centrics. 

Steam  pressure  is  not  considered. 

On  most  engines  we  lind  that  the  pressure  per  square  inch, 
multiplied  by  the  circjumfcinmce  of  shaft  in  feet,  multiplied  by 
the  revolutions  per  second,  lies  between  1,000  and  1,300. 

5.  Designs  of  bearings  for  high  sj)oeds  and  high  pressures: 

Bearings  for  horizcmtal  engines  arc  generally  made  in  four 
parts,  I  bottom,  2  sides  and  1  top  shell. 

The  cap  is  independent  of  the  shells. 

The  side  shell,  on  the  side  away  from  the  cylinder,  is  adjustable 
by  two  set  screws. 

The  other  side  shell  is  adjustable  by  shims. 
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The  bottom  shell  bears  on  a  center  rib  only,  which  allows  it 
to  rock  with  deflection  of  shaft. 

Bearings  for  vertical  engines  are  in  two  parts,  one  lower  and 
one  upper  shell. 

The  lower  shell  is  a  ball  and  socket,  which  allows  shell  to  rock 
with  deflection  of  shaft. 

The  up])er  shell  is  cast  with  the  cap. 

There  is  no  way  provided  for  taking  up  the  wear  of  these 
shells. 

It  has  been  found  unnecessary  as  all  the  wear  is  down. 

When  shell  has  worn  down  a  great  amount,  shims  are  taken 
out  of  the  base  of  the  generator,  which  allows  the  rotor  to  come 
central  with  the  yoke. 

6.  Thickness   of   oil   film  or  allowance   between  journ.al  and 
bearing: 

There  is  no  information  about  this  for  Corliss  engine  bearings 
to  my  knowledge. 

7.  Thrust  bearings: 

Xot  used  for  Corliss  engines. 

S.   Kail  bearings: 

Not  used  for  Corliss  engines. 

9.   Roller  bearings: 

Not  use<l  for  Corliss  engines. 

Mr.  ILnnj  llexs, — My  conti'ii)ution  to  the  general  discussion  of 
l)earings  will  be  confined  to  a  necessarily  rather  brief  and  cursory 
review  of  ball  and  roller  bearings,  and  a  slightly  more  detailed 
reference  to  ball  bearings  of  a  type  with  whose  development  and 
operati(m  I  am  personally  familiar.  As  the  rul(\s  limit  each  in- 
dividual contribution  to  a  thousand  words  or  so  and  to  only  ten 
minutes  of  time,  most  of  this  meager  allowance  will  be  devoted 
to  the  presentation  of  examples  from  actual"  practice. 

An  adecjuate  presentation  satisfactory  to  the  analytical  engineer 
is  naturally  impossible  under  the  rules. 

r>oth  ball  and  roller  bearings  are  of  hoary  origin.     The  rollers 
us(mI  under  a   block  of  stone   by   the  ancient  Egyptians  and  in 
exactly  the  siime  way  under  the  skids  of  a  crate  containing  the 
latest  product  of  the  modern  iiiachine  shoj)  show  familiarly  the  • 
advantage  of  the  substitution  of  rolling  for  sliding  friction. 
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The  early  recognition  of  this  advantage  led  naturally  to  many 
attempts  at  the  employment  of  rolling  elements  in  the  journals 
of  machines.  Until  relatively  recent  days  such  attempts  have 
been  chiefly  failures — interesting — but  failures  nevertheless.  The 
causes  were  simply  imperfections  in  the  shape  of  the  rolling 
elements  and  their  supporting  surfaces,  resulting  in  the  loads 
])eing  actually  imposed  on  insufficient  areas,  though,  theoretically, 
greater  ones  were  provided.  Then,  too,  the  laws  for  securing 
true  rolling  and  eliminating  all  sliding  have  been  formulated  but 
relatively  recently,  so  that  even  at  this  day  it  is  not  uncommon  to 
find  thrust  bearings  with  cylindrical  rollers,  that  necessarily  can 
have  pure  rolling  at  only  a  single  girdle  in  their  length,  while  aU 
other  zones  must  slide,  since  only  balls  or  cones  whose  apices 
lie  in  the  center  of  revolution  can  roll  truly. 

The  bicycle  is  responsiWe  for  the  widespread  realization  of  the 
possibilities  of  the  saving  of  work  by  ball  bearings;  without 
these  it  probably  would  never  have  had  the  vogue  it  acquired; 
the  rider  who  remembers  the  difference  in  freshness  at  the  end 
of  a  half  day's  tour  on  a  wheel  fitted  with  cone  bearings  and  one 
fitted  with  ball  bearings  can  bear  ekxjuent  witness.  Simple  as 
is  the  design  of  a  ball  bearing  of  correct  action,  yet  but  few  gave 
proof  of  anything  but  mistaken  ingenuity.  The  saving  element 
in  the  bicycle  was  the  light  load.  The  hopes  cherished  and  trans- 
lated into  practice  for  more  ambitious  mechanisms  soon  resulted 
in  failure.  This  was  attributed  to  insufficient  bearing  surface. 
Further  development  was  along  two  lines:  One  body  of  con- 
structors fell  back  on  rollers,  with  the  idea  that  a  roller  had  line 
and  therefore  more  support  than  a  ball  with  its  theoretical  mere 
point;  others  multiplied  the  number  of  balls. 

Some  years  ago  Professor  Stribeck,  the  able  head  of  the  Techni- 
cal Laboratories  at  Neu-Babelsberg,  near  Berlin,  undertook  for 
one  of  Germany's  leading  industrial  establishments  a  thorough 
investigation  of  the  entire  subject  of  the  relation  of  sliding,  roller 
and  ball  l^earings.  The  maximum  loads  under  which  the  temper- 
ature remained  constant  was  determined.  There  was  also  con- 
sidered the  time  that  a  bearing  had  to  be  run  under  a  given  load 
until  such  consttmt  temperature  was  attained. 

Tart  of  the  results  are  given  in  Fig.  10  in  the  relation  of  the  co- 
efficient of  friction  (referred  to  the  shaft  diameter)  to  tlie  specific 
loads.  For  an}*^  sliding  bearing  the  specific  load  is  the  pressure  in 
kilograms  per  s(juare  centimeter  of  projected  journal  area;  for 
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roller  bearings  one-fifth  of  the  number  of  rollers  times  the  length 
and  diameter  of  the  rollers  is  considered  as  the  equivalent  of  the 
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SiKHinc  Load  =  K       (Kfir.  &  Cm.  Unite) 

Fro.  10.— Plain,  Roller  and  Ball  Beauings.  Relation  op  the  Cokpficient 
OK  FuirTioN  (Refkured  to  the  Shaft  Diameter)  to  the  Specific  Load. 
Tk8T8  Made  by  1'rofessor  Stribkck. 


The  apecitic  load  is  tlio  lond  per  unit  of  the  carrying  element ;  for  plain  be»r- 
ingH  Hucli  element  is  the  projected  journal  area  or  :  A'  =  LD. 
For  roller  bearings  tlie  projected  area  of  the  carrying  rollers  (one-fifth  of  the 

rolIerB  only  is  considered  as  carrying)  is  A'  =   ^  ^     •    For  ball  bearings  the  squared 

ball  diameter  of  all  carrying  balls  is  taken  (one  fifih  of  the  balls  only  are  taken 

a«  really  carrying)  A  =  ^     • 
o 
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Curves  *'  S  "  are  for  a  babbitted  journal— ^S,  (^  1100  R.P.M.,  St  @  880.  S,  @  64 
S4  ((^  12.  Curves  "A"  are  for  rollers  in  a  bronze  cage  circumferential  ly  fitting 
and  supporting  each  roller  throughout  its  length.  A  sleeve  on  the  shaft  and  a 
liner  in  the  box  carry  the  rolls.  Hard  and  soft  rollers  were  tested.  Ai  @  1100 
R.P.M.,  Ai((j}  285,  As  (w  190.  Curves  **li"  are  for  hollow  rollers  on  loosely 
fitted  pins  that  connect  the  end  cages.  No  liners  are  used  on  the  shaft  or  in  the 
box.  li.P.M.  from  190  to  760.  Curves  **C"  are  for  hollow  flexible  short  sheet 
metal  rollors  on  loosely  fitted  pins  tlmt  connect  the  end  cages.  No  liners  used  on 
the  shaft  or  in  the  box.  1100  R.P.M.  Curves  **  E  "  are  for  flexible  spiral  rollers; 
the  rollers  are  loose  and  are  aligned  by  three  longitudinal  bars  connecting  the 
end  cages.  No  liners  for  shaft  or  box  are  employed.  56  to  1100  R.P.M.  Carves 
**  F**  are  for  a  ball  bearing  of  the  two  point  curved  ball  race  type  at  65  to  1150 
R.Ii^M. 

The  range  of  permissible  ppecific  loads,  as  indicated  by  the  appearance  of 
the  bearing  after  long  continued  runs,  is  shown  by  small  circles  on  the  curves. 

projected' journal  area;  for  ball  bearings  one-llfth  of  thenamber 
of  balls  times  the  square  of  the  ball  diameter  is  considered  as  such 
equivalent.  Within  the  limits  of  numbers  of  balls  and  rollers  in 
an  ordinary  journal  one-fifth  of  the  number  may  be  considered 
as  practically  sustaining  the  load,  though  naturally  not  eqaally. 
For  roller  and  Ijall  l)earings  angular  velocity  has  not  much  in- 
fluence within  quite  wide  limits;  wider  for  balls  tlian  for  rollers; 
note  the  revolutions  per  minute  figures  of  the  curves. 

Noticeable  is  the  very  low  coefficient  of  friction  of  the  roller 
—and  more  especially  of  the  ball-bearing.  A  further  marked 
characteristic  that  these  tests  developed  was  the  value  of  the 
coefficient  of  friction  at  rest;  with  roller  bearings  the  latter  was 
far  less  than  Avith  ])lain  l)earings,  and  for  the  ball  bearings  the 
friction  of  rest  and  motion  was  found  to  be  identically  low;  this 
is  a  very  important  (juality  in  all  machines  that  must  be  frequently 
started  and  stopped,  as  in  suburban  and  urban  train  and'  car 
service. 

Stribeck  concludes  that  for  continuous  service  with  roller  bear- 
ings K  may  li(^  between  0  and  11  Kg. 

For  lineshafts  emj)loying  soft  rollers  the  journal  length  works 
out  but  slightly  less  than  the  usual  plain  box  length;  K  should 
lie  well  toward  the  lower  limit.  For  hardened  rollers  on  hard 
surfaces  Iv  may  lie  toward  the  higher  limit.  It  is  important  that 
the  rollers  should  be  i)arallel  to  the  shaft  when  under  load.  Tests 
of  various  cage  constructions  and  of  free  rollers  have  shown  that 
this  is  attained  most  neiirly  when  the  rollers  are  not  tied  together 
but  are  left  free  to  adjust  themselves;  lack  of  truth  will  cause  a 
slewing  of  the  rollers  as  they  pass  under  the  load;  as  they  pass  out 
to  the  free  side  of  the  journal  they  can  again  straighten  out  unless 
confined  in  rigid  relationship  to  those  still  under  load. 
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At  first  glance  the  relatively  high  carrying  capacity  and  low 
friction  of  the  ball  bearing  as  compared  with  the  roller  seem 
strange.  The  explanation  is  not  far  to  seek.  For  pure  rolling 
there  would  be  no  difference  between  ball  and  roller;  but  pure 
rolling  is  a  theoretical  i>ossibility  merely,  requiring  for  its  realiza- 
tion absolutely  true  shapes  initially,  and  inelastic  materials  that 
will  not  change  shape  under  load.  To  produce  a  series  of  rollers 
that  are  truly  cylindrical  alike  as  to  diameters  and  also  a  cylindrical 
shaft  for  them  to  roll  on,  and  a  truly  cylindrical  box  to  roll  in 
within  the  requisite  small  limits  of  error,  is  difficult  and  commer- 
cially not  realizable  with  existing  shop  facilities.  More  serious 
still  is  the  fact  that  under  heavy  loads  even  such  accuracy  as  may 
be  had  is  largely  defeated  by  the  deflections  of  the  machine  fram- 
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Fig.    11. 

ing.  The  familiar  tendency  of  rollers  to  skew  is  the  result  of 
such  lack  of  truth  or  deflections.  Tt  follows  that  the  theoretical 
line  contact  of  the  roller  does  not  exist  in  fact,  but  is  limited  to 
but  a  short  portion  of  the  roll  length. 

Difficult  as  the  producticm  of  a  true  ball  is  under  ordinary  shop 
('(mditions,  specialists  in  the  manufacture  of  this  article  can  de- 
liver balls  at  relatively  small  cost  that  are  true  spheres  to  within 
less  than  one- ten-thousandth  part  of  an  inch.  This  fact  suggested 
tln^  substitution  of  a  large  number  of  balls  for  a  small  series  of 
rollers  in  the  solution  arrived  at  by  Simonds  of  Fitchburg;  there 
reniaine<l  still  the  ditticulty  of  the  lack  (»f  truth  of  the  shaft  and 
box;  to  make  up  for  this  by  selecting  balls  to  suit  successive  zones 
was  a  way  out,  but  hardly  a  commercially  practicable  one.  Many 
constructions  wer*^  devised  for  rocking  and  compensating  mount- 
ings that  would  also  takti  care  of  the  difficulties  introduced  by 
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deflection  under  load  of  the  supporting  shaft  and  box.  Finally 
a  German  engineer,  Mr.  Riebe,  decided  that  the  proper  thing  was 
to  employ  but  a  single  row  of  balls  and  so  have  a  journal  of  no 
appreciable  length  that  therefore  could  not  cause  trouble  by  de- 


flection, and  then  to^  proportion  the  diameter  and  number  of  balls 
to  the  load  to  Ije  carried.  As  the  number  of  balls  in  a  single 
circle  was  necessarily  limited,  and  as  the  journal  diameter  could 
not  be  indefinitely  increased,  it  became  important  to  develop 


the  carrying  capacities  us  affected  by  the  shape  of  the  ball  tracks 
and  the  nature  of  the  materials.  Tests  were  made  of  ball  bearings 
of  various  shapes  and  relationship  of  contact.  It  was  found  that 
the  f  fictional  resistance  was  least  for  balls  rolling  between  straight 
line  sections,  Fig.  11,  of  the  two-point  order  of  contact.    It  was 
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further  found  that  increasing  the  points  of  contact  to  three  and 
four,  Figs.  12  and  13,  gave  higher  frictional  resistance,  due  no  doubt 
to  the  slight  variation  from  the  correct  relationships  of  the  con- 


FiG.    14. 


tiict  points  with  the  centers  of  revolution  of  balls  and  journal;  the 

"carrying  capacity  was  not  materially  different  for  these  forms. 

Theoretically,  No.  13  should  carry  rather  more,  but  the  greater 


Fio.  15. 


tendency  to  partial  sliding,  a.s  compared  with  the  pure  rolling  of 
Fi«;.   IK  partially  oflFsets  this. 

(Curving  the  race,  Fig.  14,  resulted  in  materially  greater 
carrying  capacity  with  but^barely  measurable  increase  in  friction. 
This  greater  carrying  capacity,  is  accounted  for  by  the  fact  that 
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in  a  rolling  bearing,  in  the  absence  of  grit,  there  is  no  wear  as  in 
a  sliding  bearing,  but  a  destruction  of  the  surfaces  by  crushing, 
indicated  by  the  heavy  dot.  The  i)oint  in  the  race  that  is 
overloaded  is  flaked  out.  If,  in  a  ball  bearing,  the  race  section 
is  curved,  the  stressed  particle  in  Fig.  14  cannot  get  out,  being 
supported  and  confined  by  the  wedges  of  material  on  either  side. 
Tliese  wedges  are  indicated  by  cross  hatching, 
--^'aturally,  as  the  carrying  capacity  of  a  bearing  with  curved 
I'ace  sections  was  greatest,  it  foUowed  that  any  openings  for  side 
filling  of  the  balls  which  would  break  such  section,  and  there- 
fore reduce  the  capacity,  must  be  kept  at  the  unloaded  side  or 
avoided  altogether,  liiebe's  design,  Fig.  15,  was  along  the 
former  lines;  the  ball  was  introduced  through  a  cut  in  one  race 
at  the  side;  the  continuity  of  the  race  was  restored  by  a  clip; 
but  still  the  joint  was  a  weakness,  so  tliat  the  screvvhead  was  util- 
ized to  keej)  this  joint  at  the  unloaded  side.  Later  a  Mr.  Conrad 
suggested  that  it  would  be  better  to  have  no  weak  point,  but  that 
both  races  be  of  uniform  section  throughout;  better  still,  he  also 
accomi)lished  this  by  iilling  in  as  many  balls  as  would  fill  one- 
half  of  the  bearing,  assembling  this,  distributing  the  balls  and 
then  inserting  separators  that  could  maintain  such  distribution 
and  so  lock  the  whole  into  a  complete  unit.  The  lesser  number 
of  balls  was  compensated  for  by  larger  sizes  and  by  the  possibility 
of  somewhat  higlier  loading  under  most  conditions  owing  to  the 
al)sence  of  certain  interferences  incidental  to  every  ball-bearing 
having  balls  in  unyielding  contact. 

Further  experiments — again  carried  out  by  Professor  Stribeck 
— on  bearings  and  balls  of  various  sizes,  and  races  of  various  de- 
grees of  curvature  and  many  standard  and  special  steel  alloys, 
developed  data  for  the  reliable  designs  of  bearings  suited  to  all 
sorts  of  conditions. 

That  tiiose  two  constructors  have,  backed  by  the  researches  of 
Professor  Stribeck,  lx)en  successful  to  the  point  where  the  most 
conservative  need  no  longer  shy  at  the  employment  of  ball  bear- 
ings under  any  conditions,  is  best  ])roven  l>y  the  consideration  of 
a  few  typical  oxamj)les  from  actual  practice.  As  the  mention  of 
firms  is  more  or  loss  out  of  place  in  a  discussion  such  as  this,  no 
names  appear,  but  it  may  be  said  that  the  various  prints  shown 
all  represent  constructions  that  have  been  actually  carried  out 
and  are  standard  practice  with  firms  of  international  reputa- 
tion. 
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Fig.  16  is  a  continuous  annular  race  in  perspective;  it  con- 
sists of  an  inner  and  an  outer  race  both  provided  with 
curved  ball  tracks  tliat  are  uniform  and  unbroken  around  the 
complete  circumference  and  of  a  series  of  balls  separated  by 
elastic  distance  pieces,  which  latter  are  usually  provided  with 
felt  plugs  for  storing  up  lubricant. 

The  first  example  shown  is  the  mounting  of  a  tubular  cement 


Fig.  16. 

mill,  Fig.  17.  This  is  also  interesting  as  a  journal  of  somewhat 
unusual  dimensions— :>t>  inches— and  will  carry  safely  40,000 
|H)unds  of  W(»iglit  in  such  a  mjichino. 

In  a  pillar  crane,  big.  18,  of  a  certain  FremOi  type  the  whole 
load  of  .*{OJM)0  pounds  is  hung  on  to])  of  the  post  and  sustaineil 
by  a  ball  thrust  making  use  of  IJ-inc^h  balls.  Immediately 
bel(»w  it  a  radial  bewaring  takes  tlu.»  21,000  pounds  of  horizonUil 
thrust  on  1 4-inch  balls. 
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Fig.  21.— Crank  Sukavb. 
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A  traveling  crane  may  suitably  follow;  the  light  and  heavy 
drums  and  sheaves,  as  well  as  the  crane  hook,  Figs.  19,  20,  21 


I 

Fig.  22.— liOWKu  (kank  Sueavk  and  Hook. 

and  22,  are  all  inountod  on  ball  bearings.  The  half-ton  load  is 
raised  at  a  rate  of  2s:.  feet  per  minute,  while  the  slower  si)eed 
of  185  feet  i)er  minute  is  use<l  for  the  2i-ton  load. 
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The  mounting  of  this  paper  calender  roll,  Figs.  23  and  24, 
is  the  first  shown  in  which  the  load  is  taken  on  two  rows  of 


Fig.  23. — Lonoiti:dinal  Skctfox  of  Papkr  Calknder  Journal  with 
Load  Dibtkibuttng  Mounting.  Tuk  Inner  Ball  Bbakino  Takbs 
End  Thrust. 

balls.  The  standard  practice  is  to  carry  all  the  load  on  a  single 
row  of  balls  owing  to  tlie  generally  virtual  impossibility  of  divid- 
ing it  with  certainty  among  more.     Where,  however,  a  one-sided 
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journal  can  be  employed,  as  in  railway  axles,  calenders,  etc.,  an 
equalizer  is  practicable.  In  this  case,  f.i.,  the  bearing  box  is 
hung  on  a  trunnion  (dotted  lines)  midway  between  the  two  rows 
of  balls.  The  outer  races  of  the  ball  bearings  are  loaded  on  one 
side  only  and  entirely  free  on  the  other.  Both  will  therefore 
receive  an  equal  part  of  the  load;  this  distribution  will  be  unaf- 


Fio.  24. — Cross  Skction  and  End  Elevation  op  Paper  Calender  Jouriial. 

footed  by  spring  of  the  frames,  etc.  The  arrangement  shown  will 
carry  a  total  roll  loa<l  of  r)0,O(M»  pounds. 

Ftnv  mechanisms  employ  balls  larger  than  those  3J-inch  ones 
that  s(Tvc  to  give  oaso  of  rotation  to  a  7-inch  naval  gun  mount, 
Fig.  '25.  The  st(nuly  load  carrying  ca[):icity  of  over  90  tons  is, 
of  coui'so,  far  in  excess  of  the  weight  actually  sustained,  but  is 
su])plied  to  take  care  of  the  shock  of  firing. 

In  the  domain  of  electrical  engineering  flywheel  converters, 
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Figs.  26  and  27,  are  used  in  German  mine  hoists  carrying  rotat- 
ing loads  from  4  tons  at  1200  revolutions  per  minute  to  22  tons 
at  600  revolutions  per  minute,  some  on  one  and  others  on  two 
ball  rows  per  journal.  The  arrangement  here  shown  (for  22 
tons)  is  similar  to  that  employed  for  calenders  with  an  equalizer 
for  two  ball  rows,  differing  in  that  the  shaft  projects  through 
the  journal  and  that  tlie  ball  races  are  clamped  to  the  unchanged 
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Fro.  25. — 7-iN.  Naval  Gun  Mount. 


journal  of  the  old  shaft  by  so-called  ''adapters."  Owing  to 
the  relatively  high  speed  and  necessity  for  a  high  degree  of  safety 
in  this  class  of  service,  unusually  large  bearings  are  selected. 

In  the  domain  of  transportation  the  railway  naturally  comes 
first.  A  railway  box  that  will  safely  carry  9  tons  per  axle  is 
shown,  Figs.  28  to  31.  Owing  to  the  fact  that  the  load  is  always 
on  the  top^it  becomes  possible  to  distribute  this  over  two  ball 
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bearings;  in  turn  tliis  permits  confining  the  change  from  existing 
standards  to  tlie  end  of  the  axle  and  the  box  without  involving 
the  pedestal.  Trials  conducted  by  the  Trussian  llaihvay  author- 
ities up  to  last  summer  developed  no  appreciable  wear  after 
llo,OiM»  miles  run,  and  a  reduction  of  the  drawbar  pull  during  the 
accelenition  period  of  S4  per  cent,  and,  at  uniform  si)eed,  14  per 
cent,  on  the  level. 

Still  in  the  transportation  lield  this  heavy  truck  hub,  Fig.  32, 
is  good  for  a  load  of  5  tons  on  good  city  streets  and  3^  tons  for 
very  bad  rutty  pavements  involving  much  jolting. 


Fi(».  28. 


This  example,  Fig.  X\  (see  folders  at  end  of  pai)er),  is  a  com- 
])lete  change  speed  gear  and  diiferential  shaft  of  a  side  chain 
heavy  truck  driven  by  a  35-horse-power  engine.  All  of  the 
various  shafts  {ire  mounted  on  ball  bearings,  which  also  take  tlie 
heavy  blows  incidental  to  Hap])ing  chains  on  the  sprocket  gears. 
The  thrust  of  the  bevel  gears  is  taken  on  i)late  ball  thrusts.  In 
the  higher  si)eed  ])leasure  vehicles  this  thrust  is  usually^  taken  on 
beiirings  of  the  radial  type. 

Possibly  the  most  severe  duty  to  which  a  ball  bearing  is 
ever  subjected  is  in  the  crankshafts  of  gasoline  engines.     This 
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particular  example,  Fig.  34  (see  folders  at  end  of  paper),  is  from  a 
well  known  French  automobile,  developing  20  horse-power  at  900 
revolutions  per  minute  in  4  cylinders  of  4-inch  diameter  by 
6-inch  stroke.  Not  only  the  main  bearings,  but  also  the  crank 
ends  of  the  connecting  rods,  are  ball  bearing  mounted. 

For  the  French  crankshaft  shown  in  Fig.  33  it  was  specified 
that  the  ball  bearings  should  stand  up  under  a  G-hours'  test  of 
14  tons  per  journal  at  450  revolutions  per  minute  to  prove  their 
fitness  for  regular  work  under  10  tons  load. 

An  example  from  naval  practice  is  this  propeller  thrust  block, 
Figs.  34  to  36,  from  a  boat  engined  with  300  horse-power  at  700 
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revolutions  per  minute.  Two  similar  plate  ball  bearings  take  the 
thrust  in  both  directions,  while  the  shaft  weight  is  carried  in  a 
radial  bearing. 

This  dozen  examples  has  been  taken  mainly  from  work  of 
rather  large  dimensions,  partly  because  the  full-size  drawings  are 
more  clearly  visible  at  a  distance,  and  iigain  because  they  better 
demonstrate  the  results  actually  accomplished  along  lines  that 
have  heretofore  not  been  generally  considered  as  within  the 
possibilities. 

A  word  of  caution  may  nevertheless  not  be  amiss:  Far  greater 
care  in  proper  design  than  with  plain  bearings  is  called  for,  since  with 
these  the  consequences  are  confined  to  a  rather  more  rapid  wear 
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than  is  desirable,  while  heating  may  be  counteracted  by  a  lib- 
eral use  of  cooling  agents  and  oils.  With  ball  bearings,  however, 
there  is  no  such  thing  as  wear,  but  under  improper  conditions 
an  actual  break  up  of  the  surfaces  that  spells  rapid  destruction 


5. — Steam  Yacht  Propeller  Thrust  and  Block.     800  I.H.P., 
700  R.P.M. 


which  cannot  be  arrested  by  oiling  or  cooling.  Then,  too,  the 
workmanship  as  to  truth  of  surfaces  and  uniformity  in  size  of 
balls  must  be  of  a  very  high  grade  and,  further,  the  composi- 
tion of  the  materials  must  be  much  more  uniform  than  for  other 
use  in  the  mechanic  arts.     Finally,  a  definite  knowledge  of  the 
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capacities  of  the  materials  employed  is  needed.  Given  these 
essentials,  great  reliability,  friction  elimination  and  other  advan- 
tages result.  Without  these,  failure  and  disappointment  only 
may  be  looked  for  in  repetition  of  the  experience  had  before  the 
importance  of  these  factors  was  realized. 

M)\  A,  M.  Mattice. — I  will  confine  my  remarks  to  a  few  prac- 
tical observations,  principally  on  the  matters  of  lubrication  and 
temi>erature. 

In  a  great  many  cases  bearings  give  trouble  although  the  sur- 
face velocity  and  pressure  per  unit  area  are  well  within  safe  limits, 
the  troubles  being  caused  by  the  lack  of  attention  to  small  but 
essential  details. 

One  of  the  commonest  causes  of  trouble  in  two-part  bearings  is 
side  binding.  This  occurs  principally  in  vertical  engines  and  in 
other  machinery  where  the  principal  load  on  the  bearing  is  that 
due  to  the  dead  weight  of  the  rotating  part.  The  bearing  boxes 
are  too  often  bored  and  scraped  to  a  good  fit  all  around  without 
being  eased  off  to  prevent  wedging  action  near  the  parting  of  the 
boxes.  This  not  only  causes  a  tremendous  pressure  on  the  bear- 
ings at  these  points,  but  prevents  the  oil  getting  in  between  the 
shaft  and  the  bearings.  A  bearing  is  always  much  better  if  eased 
off  so  that  it  will  be  well  clear  of  the  shaft  for  at  least  20  degrees 
of  arc  on  each  side  of  the  center  line,  and  even  30  degrees  is  not 
excessive.  Many  designers,  especially  those  who  have  not  had 
])ractic*al  experience  in  the  operation  of  machinery,  seem  to  dis- 
like to  lose  any  part  of  the  bearing  area  by  easing  off  the  sides  of 
the  boxes,  but  area  at  these  points  is  more  detrimental  than  effi- 
cient, and  bearings  which  are  originally  made  with  all  around 
contact  can  frecjuently  be  improved  by  the  use  of  hammer  and 
chisel. 

(five  the  oil  a  fair  chance  to  get  in  its  work.  The  edges  of 
bearing  boxes  are  frequently  left  sharp,  thus  scraping  off  the  oil 
instead  of  iissisting  it  to  enter.  If  the  box  is  easeil  off  to  form  a 
channel  for  the  oil,  meeting  the  shaft  approximately  on  a  tangent, 
oil  will  l)e  drawn  in  instead  of  being  scraped  off. 

In  the  matter  of  oil  grooves  also,  designers  frequently  seem 
loath  to  sacrifice  bearing  area,  apparently  losing  sight  of  the  fact 
that  no  area,  no  matter  how  great,  can  be  sufficient  unless  prop- 
erly lubricated.  Oil  grooves  should  be  large,  arranged  so  as  to 
keep  the  oil  well  distributed,  and  should  have  the  edges  well 
rounded  off  to  facilitate  the  entrance  of  oil  between  bearing  and 
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journal.  The  simple  removal  of  the  sharp  edge  of  the  groove  is 
not  sufficient.  Too  many  designers,  moreover,  seem  to  look  upon 
the  matter  of  oil  grooves  as  of  too  little  importance  to  be  worthy 
of  their  consideration,  but  rather  something  to  be  left  to  the 
shop  to  take  care  of,  or  to  be  neglected  entirely.  The  result  fre- 
quently is  an  oil  grooving  which  does  more  harm  than  good,  lead- 
ing the  oil  to  certain  parts  of  the  bearing  and  leaving  other  parts 
dry. 

From  time  to  time  various  systems  of  improved  lubrication  have 
appeared,  such  as  ring  oiling,  chain  oiling,  felt  pads,  packed  waste, 
compression  and  spring  grease  cups,  etc.  But  with  the  exception 
of  the  '* splasher"  system,  which  is  very  efficiently  used  in  a 
number  of  types  of  inclosed  engines,  the  old  type  of  drop-by-drop 
lubrication,  feeding  the  oil  in  homeopathic  doses  is  the  one  most 
generally  used  with  engines,  although  it  is  about  the  least  effi- 
cient and  most  expensive  method  of  all.  It  is  not  only  a  wasteful 
method,  but  leads  to  danger  of  cutting  bearings  by  reducing  the 
oil  supply  to  a  dangerous  minimum.  It  is  not  altogether  the 
fault  of  engine  builders  that  this  form  of  lubrication  is  the  one 
most  generally  used  by  them,  but  rather  because  purchasers  will 
not  stand  the  slight  additional  first  cost  of  a  better  method. 

Ring  oiling  and  kindred  systems  are  very  efficient  for  a  large 
class  of  bearings,  but  unfortunately  are  not  well  adapted  to  engine 
work,  especially  in  large  sizes,  although  some  designers  have  done 
some  very  good  work  along  this  line. 

Grease  and  similar  lubricants  have  their  limitations,  but  are 
ideal  lubricants  for  many  purposes,  and  in  engine  work  can  be 
used  to  good  advantage  on  the  smaller  parts  of  valve  gear  and 
even  on  eccentrics. 

Supplying  oil  under  pressure  is  a  necessity  with  step  bearings 
which  carry  very  heavy  weights,  and  has  been  applied  with  suc- 
cess to  horizontal  bearings  where  the  work  is  extremely  heavy; 
but  this  class  of  lubrication  may  be  considered  as  adaptable  only 
to  special  cases  where  it  is  an  absolute  necessity,  to  be  avoided 
if  possible. 

The  central  gravity  system  of  lubrication  which  has  come  into 
extensive  use  in  engine  installations  within  the  past  few  years 
has  resulted  in  a  marked  solving  in  cost  of  lubrication  and  the 
elimination  of  bearing  troubles,  and  the  details  of  such  systems 
are  well  worth  the  serious  attention  of  engineers.  I  refer  to  the 
systems  which,  while  varying  in  details,  comprise  essentially  an 
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overhead  supply  tank,  pipes  leading  to  all  bearings  with  valves 
for  regulating  the  supply,  arrangements  for  catching  the  overflow 
oil,  settling  tanks,  filters  and  pumps  for  returning  the  oQ  to  the 
supply  tank,  the  whole  system  being  automatic,  and  resulting 
in  a  continuous  circulation  of  oil.  Although  this  system  is  at 
present  used  principally  in  large  installations,  it  has  been  used 
with  success  in  smaller  plants,  and  I  believe  that  engineers  would 
be  fully  justified  in  using  it  in  installations  of  single  engines  of 
large  or  even  moderate  size.  Its  success  is  not  only  due  to  the 
saving  of  labor,  as  in  large  installations,  but  by  supplying  an 
excess  of  oil  to  the  bearings  the  oil  does  not  become  "  worn  out," 
as  in  the  drop-by-drop  system,  resulting  in  a  reduction  of  oil 
bills. 

A  further  extension  of  the  principle  of  continuous  circulation 
of  oil  obtains  in  the  flooded  system  of  lubrication  which  has  come 
into  use  in  connection  with  steam  turbines.  In  fact,  this  system 
was  introduced  by  Parsons  before  the  central  gravity  system  for 
reciprocating  engines  came  into  vogue.  This  system  consists  in 
supplying  to  the  bearings  as  much  oil  as  will  flow  through  them; 
the  oil  carrying  away  the  heat  of  the  bearings  and  being  cooled, 
in  a  tubular  cooler  before  going  back  to  the  bearings  again.  The 
oil  is  not  forced  into  the  bearings  under  pressure,  but  simply 
supplied  at  a  head  of  from  a  few  inches  to  several  feet;  just  enough 
to  allow  it  to  flow  freely  to  the  bearings.  As  the  oil  is  nowhere 
exposed  to  the  outside  air,  circulating  only  in  a  closed  system,  it 
collects  no  dirt  and  does  not  need  to  be  filtered,  but  is  used  over 
and  over  again  continuously,  the  entire  oil  supply  circulating 
through  the  bearings  every  few  minutes. 

By  means  of  this  system  speeds  and  pressures  are  used  which 
would  otherwise  be  impossible,  and,  what  is  of  still  greater  in- 
terest to  the  o^vner,  is  that  the  oil  consumption  is  reduced  to  a 
minimum.  As  instances  of  this  I  would  cite  the  cases  of  two 
installations  of  400-kilowatt  steam  turbines  of  the  Parsons  type 
running  nt  3000  revolutions  per  minute,  one  of  which  used  only 
50  gallons  of  oil  in  six  months  and  the  other  one  55  gallons.  At 
another  plant  one  turbine  of  400  kilowatts  and  another  of  750 
kilowatts  used  only  three  barrels  of  oil  in  sixteen  months.  In 
another  case  two  1000-kilowatt  turbines  use<i  one-half  gallon  of 
oil  per  turbine  week. 

I  crossed  the  Atlantic  last  summer  in  the  turbine  steamer  '*  Vir- 
ginian," and  upon  investigating  the  consumption  of  oil  I  found 
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that  no  oil  had  been  added  to  the  tanks  for  four  successive  round 
trips  between  Liverpool  and  Montreal,  and  the  supply  had  not 
appreciably  diminished.  The  service  tank  had  a  total  capacity 
of  293  U.  S.  gallons,  but  only  144  gallons  of  oil  had  been  put  in, 
and  this  was  being  circulated  through  the  bearings  at  the  rate  of 
from  40  to  60  gallons  per  minute,  the  whole  supply  being  circu- 
lated in  less  than  every  four  minutes. 

The  turbine  steamer  '*  Queen  Alexandra,"  which  in  the  summer 
season  makes  daily  trips  on  the  Clyde,  used  less  than  one  barrel 
of  oil  during  a  season  of  between  four  and  five  months. 

The  oil  consumptions  of  turbine  steamers  above  quoted  are  for 
the  bearings  of  the  turbines  proper,  each  steamer  having  three  tur- 
bines. The  line  shaft  bearings  have  ordinary  lubrication,  but  I 
have  no  doubt  that  before  long  it  will  become  the  practice  to  use 
on  such  bearings  the  same  system  of  flooded  lubrication  as  on  the 
bearings  of  the  turbines  themselves. 

Users  of  engines  and  other  machinery  would  do  well  to  take  a 
lesson  from  the  results  of  steam  turbine  lubrication,  which  has 
demonstrated  beyond  a  doubt  that  the  supply  of  oil  in  large 
excess  of  that  actually  required  to  prevent  bearings  cutting  is  in 
the  long  run  the  most  economical,  and  far  in  advance  of  the  old 
drop-by-drop  method. 

Another  matter  upon  which  a  few  words  may  not  be  amiss  is 
that  of  the  temperature  of  bearings.  There  seems  to  be  a  wide 
misapprehension  as  to  what  is  a  safe  temperature.  I  believe  that 
much  of  the  idea  about  safe  temperatures  is  an  inheritance  from 
the  time  when  lubricating  oils  were  all  of  animal  or  vegetable 
origin  and  is  not  applicable  to  the  high  test  mineral  oils  of  to- 
day. 

Some  time  ago  I  happened  to  get  into  a  controversy  as  to  proper 
bearing  temperatures,  the  immediate  cause  of  which  was  an  engine 
whose  main  bearings  ran  at  a  temperature  of  about  135  degrees 
Fahrenheit,  while  the  owner  claimed  that  a  temperature  of  over 
100  degrees  was  unsafe  and  produced  **  expert "  testimony  to  that 
effect.  Knowing  from  experience  that  this  view  was  not  correct, 
but  requiring  testimony  to  the  contrary,  I  proceeded  to  have  ex- 
aminations made  of  the  temperature  of  bearings  of  a  large  number 
of  engines  of  various  makes.  The  result  of  this  investigation 
showed  more  large  engines  running  with  bearings  at  tempera- 
tures over  than  under  135  degrees.  Many  bearings  were  running 
at  over  150  degrees,  some  considerably  higher,  and  in  one  case 
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a  continuous  temperature  of  180  degrees  was  found,  and  in  all  of 
these  cases  the  bearings  were  giving  no  trouble. 

In  this  connection  it  might  be  well  to  point  out  that  the  intro- 
duction of  direct  connected  electric  generators  has  increased  the 
temperature  of  engine  bearings,  with  the  same  engines  working 
under  similar  conditions.  At  first  sight  this  may  seem  paradox- 
ical, but  it  is  easily  explained.  With  the  older  types  of  drives 
the  eccentrics  were  seldom  covered,  and  crank  oil  guards,  if  used, 
were  of  an  open  type.  But  when  driving  direct  connected  gen- 
erators, where  it  is  necessary  to  keep  oil  off  the  windings  and 
commutators,  closed  oil  guards  are  fitted  over  cranks  and  eccen- 
trics. This  not  only  increases  the  temperature  of  the  crank  pins 
and  eccentrics  by  preventing  a  circulation  of  air,  but  also  retards 
the  radiation  of  heat  from  the  main  bearings  as  well.  An  addi- 
tional reason  is  that  with  belt  or  rope  drive  the  large  wheels  and 
the  belts  or  ropes  themselves  cause  a  considerable  circulation  of 
air,  which  reduces  the  bearing  temperature,  or  rather  the  appar- 
ent temperature,  as  evidenced  by  feeling  the  outside  of  the  bear- 
ing. With  direct  connected  units  the  circulation  of  air  is  greatly 
reduceil,  with  consequent  temperature  effect. 

Mf.  Frank  Mossherg, — The  Mossberg  bearings  are  made  by 
the  Standanl  Machinery  Company  of  Providence,  K.  I. 

This  company  manufactures  two  distinct  types,  viz. :  the  cylin- 
drical form,  which  is  used  on  revolving  shafts  and  journals  to 
carry  the  radial  thrust.  The  second  form  is  known  as  an  end 
thrust  bearing,  and  is  used  to  take  the  lateral  thrust  on  rotating 
shafts  that  exert  heavy  pressure  in  a  direction  at  right  angles 
to  its  rotation. 

We  will  first  tiike  up  the  cylindrical  form  of  roller  bearing. 
The  underlying  principle  in  this  construction  is  that  of  distribut- 
ing the  load  on  as  many  rollers  as  possible,  and  with  this  in  view 
the  rollers  are  made  small  in  diameter. 

It  is  assume<l  in  our  practice  that  the  rollers  interposed  between 
journal  and  box  surface  form  only  line  contact,  and  consequently 
a  small  roller  will  carry  as  heavy  a  load  as  a  large  one. 

Experiments  have  been  made  along  these  lines  to  determine 
diameters  of  rollers,  and  after  several  years'  practice  the  follow- 
ing table  has  been  adopted  as  our  standard. 

In  this  table  the  projected  area  of  journal  is  adopted  as  the 
bearing  surface. 
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MossBERQ  Roller  Bearings. 

Diameter  of 

Diameter  of                                No.  of 

Safe  Load 

Journal. 

Rolls.                                      Rolls. 

on  JournalR. 

Inches. 

Inches. 

2 

i                                        20 

3,600 

2i 

A'                                    22 

7,000 

3 

i                                     22 

13,000 

4 

iV                                    24 

24,000 

5 

iHr                                 24 

37,000 

6 

ii                                  24 

50,000 

7 

•J                                  22 

70,000 

8 

i                                    22 

90,000 

9 

1                                       24 

115,000 

12 

1  \                                    2(5 

175,000 

15 

13                                     28 

255,000 

IS 

13                                     32 

325,000 

20 

li                                     34 

400,000 

24 

li                           :« 

576,000 

Surface  speed  of  Journiil  from  zero  to  50  feet  jKJr  minute. 
Length  of  Journal  1 J  diameters. 

It  will  be  seen  from  this  table  tliat  20  rollers  is  the  smallest 
number  used  in  a  bearing.  The  projected  area  of  journal  is 
about  one  third  of  the  circumference,  and  consequently  the 
smallest  number  of  rollers  supporting  the  load  is  about  seven. 

In  rolling  mill  practice  surface  speed  of  journal  is  somewhat 
less,  but  the  load  very  largely  exceeds  ligures  given  in  above 
table.  We  know  of  instances  in  actual  practice  where  the  pres- 
sure is  as  high  as  10,000  pounds  per  square  inch  of  projected 
area  of  journal. 

The  cage  for  supporting  the  rollei-s  is  constructed  so  as  to  ob- 
tain the  most  strength  and  best  support  for  the  rollers.  The 
following  illustration  will  show  the  construction  clearly. 

Material. 

AVe  find  after  several  years'  experience  that  the  rollers  should 
be  made  of  tool  steel  not  too  high  in  carbon  and  should  not  be  of 
too  high  temper.  An  ordinary  spring  temper  is  best.  Care 
should  be  taken  that  the  journal  or  shaft  is  not  made  above  a 
medium  spring  temper.  The  box,  however,  should  bo  made 
from  high  carbon  steel  and  tempered  jis  hard  as  possible. 

Care  in  Manufacturing. 

The  cages  are  made  from  a  good,  tough  bronze  metal,  and  ut- 
termost care  is  exercised  to  have  the  grooves  for  the  rollers  par- 
allel with  the  axis  of  rotation. 
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The  Second  Form,  or  Thrust  Bearing. 

This  bearing  is  intended  to  take  the  lateral  thrust  of  a  rotating 
shaft,  such  as  a  propeller  shaft,  worm  shaft,  vertical  turbine 
shaft,  gun  carriage,  etc.,  etc. 


Fio.  37. 

Construction. 

It  is  obvious  to  any  engineer  that  in  order  to  insure  i>erfect 
rolling  contact  the  rollers  must  he  conical,  placed  radially  around 
the  axis  of  rotation. 


Fio.  38. 
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Apex  of  cones  terminating  at  the  center  of  rotation.  Angles 
of  cones  not  to  be  over  from  6  to  7  degrees.  If  angles  of  rollers 
are  larger  than  this,  the  outward  thrust  in  radial  direction  will 
be  excessive  and  cause  destruction  of  outer  end  of  rollers. 

The  accompanying  cut  shows  the  construction. 


Fio.  30. 

The  two  outer  collars  form  the  rolling  surface  for  the  bearing, 
one  being  fixed  stationary  and  the  other  fastened  to  shaft  and 
revolved  with  same.  The  inner  surface  of  these  two  collars  is 
made  conical  to  correspond  with  the  angle  of  rollers  in  bearing. 
The  ring  shown  in  cut  fits  tight  over  the  bearing  and  serves  to 
retain  the  rollers  in  position. 

The  collars  as  well  as  the  ring  are  made  of  high  carbon  steel 
and  are  very  hard.  Rollers  are  made  of  medium  carbon  steel, 
spring  temper. 

Table  gives  principal  dimension  and  load. 


MossBERG  Thrust  Bearing. 


Diamot<»r  of 
Shaft. 
Inches 

3A-3i 


Safe  PRRrisuRK  on  BxARnra. 


No.  of 

Area  of 

Snccd 
75  Rev. 

16(PSv. 

Rolls. 

Plate  P. 

Inches. 

5i^e 

30 

10. 

19,000 

9,500 

8 

30 

20. 

40,000 

20,000 

lOA 

30 

35. 

70,000 

35,000 

12 

30 

54. 

108,000 

56,000 

h; 

30 

78. 

125,000 

62,000 

18v 

32 

132. 

200,000 

100,000 

20} 

32 

162. 

300.000 

150,000 

Fric/un  Coefficient  for  the  Mossberg  Roller  Bearings. 

We  do  not  have  any  very  complete  data  on  this  subject,  but 
from  some  tests  made  we  find  that  for  the  cylindrical  form  of 
bearing  the  friction  coefficient  is  about  ,002,  and  for  the  end 
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thrust  the  coefficient  is  somewhat  larger,  or  about  .0025.  These 
tests  have  been  taken  by  using  a  spring  scale  fastened  by 
a  cord  wrapped  around  the  journal.  By  pulling  on  the  scale  the 
shaft  is  started  revolving.  The  correct  method  would  be  to 
measure  the  power  required  to  maintain  the  system  in  motion, 
which  is  more  difficult,  and  for  this  reason  has  not  been 
attempted  by  us.  We  think,  however,  that  the  coefficient  of 
friction  would  in  such  case  be  about  25  per  cent.  less. 

The  details  as  above  submitted  have  been  accumulated  from 
practical  experience  of  twelve  years,  in  which  time  about  300 
rolling  mills  have  been  put  out  equipped  with  Mossberg  bearings. 
These  mills  vary  in  sizes  from  rolls  3  inches  to  20  inches  in  diam- 
eter, mostly  used  for  cold  rolling  of  metals.  We  find  that  cost 
of  maintenance  is  no  more  than  with  ordinary  sliding  bearings, 
and  the  saving  of  power  averages  more  than  50  per  cent,  over 
ordinary  bearings. 

For  pa{>er  calendars  we  have  made  bearings  as  large  as  24  inches 
in  diameter. 

In  conclusion,  we  wish  to  impress  on  the  engineering  profes- 
sion our  belief  that  roller  bearings  are  strictly  essential  in  modem 
machine  construction,  especially  for  heavy  work.  It  is,  however, 
a  mistake  for  the  designer  to  attempt  the  construction  of  such 
forms  as  may  suit  his  own  fancy.  Consult  the  specialist  in  regard 
to  what  is  required. 

When  a  roller  bearing  is  to  be  selected,  the  cheapest  should  not 
always  receive  the  most  favorable  consideration.  A  rigid  cage, 
with  rollers  carefully  made  to  size  and  properly  tempered,  is 
essential. 

The  use  of  a  poorly  constructed  roller  bearing,  such  for  instance 
as  placing  a  number  of  rollers  loosely  around  the  journal,  with 
merely  collars  at  each  end  to  keep  same  in  position,  or  a  roller 
bearing  with  a  flimsy  cage,  which  can  easily  become  twisted  out 
of  shape,  is  bad  practice,  and  which  has  led  to  many  serious  breaks 
and  conseciuent  general  condemnation  of  roller  bearings,  as  an 
unreliable  device,  which  should  be  avoided. 

On  the  contrary,  we  assert,  a  i)roperly  constructed  and  projMirly 
applied  roller  bearing  is  a  most  reliable  device. 

Mr,  Snninel  S.  AW'lafid. — The  use  of  roller  and  ball  bearings 
has  grown  very  rapidly  during  the  past  few^years.  In  1898  less 
than  one  hundred  men  were  engaged  in  the  United  States  in  man- 
ufacturing steel  balls  and  ball  and  roller  bearings,  while  at  pres- 
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ent  over  fifteen  hundred  are  employed,  and  nearly  as  many  more 
are  in  factories  where  applications  of  anti-friction  bearings  are 
the  principal  business,  such  as  ball  and  roller  bearing  wagon 
axles,  automobile  axles,  etc. 

Notwithstanding  the  rapid  growth  of  the  business,  it  is  still 
in  its  infancy,  and  the  underlying  rules  governing  it  mechanically 
and  from  an  engineering  standpoint  are  not  clearly  understood. 
Formulas  for  the  proper  design  of  ball  and  roller  bearings  have 
been  published  from  various  sources,  but  they  are  crude  and  mis- 
leading, and  nothing  has  been  developed  that  will  enable  a 
mechanical  engineer  to  design  a  satisfactory  anti-friction  bejiring. 
The  only  relial)le  data  on  the  subject  have  been  secured  by  the 
manufacturer  in  actual  practice,  who  will  supply  designs  for 
bearings  that  will  give  sjitisfaction  under  specifications  sub- 
mitted. 

Unless  some  essential  points  are  correct  in  the  application  of 
a  bearing,  even  one  properly  designed  will  not  give  satisfaction. 
The  cu))  and  cone  and  ball  or  roller  are  made  true,  but  often  they 
are  used  where  the  parts  with  which  they  come  in  contact  are  badly 
out  or  untrue,  in  consequence  of  which  the  load  is  forced  on  a  few 
balls  or  rollers,  making  it  impossible  to  secure  satisfactory  results. 
This  accuracy  in  finish  and  alignment  is  the  most  essential  point 
to  consider  in  any  bearing,  and  whether  it  is  two,  three  or  four 
point  contact  is  of  minor  consideration. 

Some  evidence  of  the  importance  of  finishing  bearings  aocn- 
rately  is  shown  in  a  test  recently  made  by  the  United  States  gov- 
ernment on  a  revolving  lighthouse  lens.  The  government  en- 
gineers and  mechanics  designed  and  made  in  the  government 
shops  a  type  of  ball  bearing  that  was  finished  true  to  .001  to  .002 
of  an  inch,  which  was  fitted  with  ordinary  commercial  balls, 
purchased  from  a  jol)l)er  in  Xew  York  City,  which  also  varied 
in  size.  A  manufacturer  was  also  invited  to  furnish  a  bearing 
of  his  own  design  for  testing  in  conn)arison  with  the  government 
bearing,  a  ball  bearing,  made  true  botli  in  plates  and  balls,  so 
that  the  variation  was  limited  to  .0001  of  an  inch.  The  lens, 
measuring  about  seven  feet  in  diameter,  and  weighing  3,000 
])ounds,  was  mounted  on  a  thrust  or  step  bearing  and  revolved 
by  weighted  clockwork,  the  rapidity  of  the  revolutions  being 
regulated  by  the  amount  of  weight  used. 

The  tests  made  and  results  obtained  were  as  follows: 

A.  Weight  reijuired  to  revolve  lens,  with  ordinary  grooved 
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bronze  and  steel  plate  thrust  and  making  one  revolution  in  30 
seconds,  was  900  pounds. 

B.  Weight  required  for  government  ball  bearing,  one  revo- 
lution, 25  seconds,  123  pounds. 

C.  Weight  with  manufacturer's  special,  accurate  ball  bearing, 
one  revolution  in  13  seconds,  63  pounds. 

D.  Weight  with  special  plates,  but  ordinary  (government) 
balls,  one  revolution,  20  seconds,  73  pounds. 

Another  tost  was  made  to  sliow  the  pressure  required  to  move 
it,  when  exerted  against  the  rim  or  outer  circumference  of  the 
lens.  In  this  test  the  government  ball  bearing  required  64 
ounces,  only  i  ounce  for  the  special  ball  bearing  and  three 
ounces  for  the  special  plates  and  government  balls. 

Notwithstanding  the  advantages  of  accuracy,  it  is  not  always 
possible  to  make  users  take  kindly  to  bearings  accurately  finished, 
provided  it  adds  to  the  cost.  In  a  case  in  point  one  manufacturer 
bought  'Miigh  duty"  balls,  and  paid  an  additional  10  per  cent, 
to  get  extra  selected  balls.  lie  later  sent  an  order  for  thrust  plates 
or  washers  for  use  with  these  balls,  and  refused  absolutely  to 
pay  a  trifle  extra  (some  15  cents  each)  to  have  the  plates  ground, 
and  it  was  impossible  to  prove  to  him  the  absurdity  of  his  position 
in  paying  extra  for  high  grade  balls  and  then  using  them  on  plates 
that  varied  from  .002  to  .003  of  an  inch. 

Steel  to  Use. — Case-hardened  steel  gives  siitisfactory  results  when 
used  for  the  plates,  sleeves,  cups  and  cones,  for  both  ball  and  roller 
bearings.  It  is  cheaper  than  tool  steel,  is  more  easily  worked; 
and  is  less  liable  to  have  cracks  or  flaws.  Another  advantage  is 
that  the  center,  being  soft,  gives  a  cushion  that  very  largely 
deadens  shocks  on  the  balls  or  rollers.  By  case-hardened  steel  is 
meant  steel  carbonized  to  a  depth  of  ^^  to  J  of  an  inch  or 
more  for  heavy  work.  While  there  is  some  prejudice,  esi>ecially 
abroad,  to  case-hardened  steel,  it  is  only  because  of  lack  of  knowl- 
e<lge  of  how  to  treat  the  material  siitisftictorily,  and  which  art  has 
been  developed  to  a  high  degree  in  the  United  States,  so  that  a 
depth  of  hardening  varying  by  ff^  of  an  inch  can  be  secured 
at  will  by  those  who  thoroughly  un(lei*stan(l  the  proj>er  treatment, 
kind  of  steel  to  use,  etc. 

Oiling.-  -There  seems  to  be  a  belief,  even  among  engineers,  that 
rulliM*  an<l  hall  Ix^arings  roc^uire  no  oiling.  This  is  a  mistake,  as 
even  if  no  oil  was  reciuirtMl  as  a  lubricant,  it  is  absolutely  necessary 
in  order  to  pn»v(»nt  rust  due  to  moisture  caused  by  condensation 
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or  other  causes.  Aside  from  this,  however,  oil  is  essential  to  the 
I)roi)er  running  of  any  (?hiss  of  anti-friction  bearing,  although 
verv  little  is  consumed,  the  saving  over  plain  bearings  l).eing  from 
50  per  cent,  to  as  high  as  90  per  cent. 

Both  ball  and  roller  bearings,  to  give  the  best  satisfaction,  should 
be  made  of  steel,  hardened  and  ground;  accurately  fitted,  and 
in  proper  alignment  with  the  shaft  and  load;  cleaned  and  oiled 
regularly,  and  fitted  with  as  large  size  balls  or  rollers  as  possible, 
depending  upon  the  revohitions  per  minute  and  load  to  be  carried. 
If  used  as  al)Ove  recommended,  they  will  return  their  cost  many 
times  over  in  power  and  oil  sjived  in  a  very  short  time. 

Roller  Bearings. 

Koller  bearings  are  materially  different  from  ball  bearings, 
although  generally  considered  jmictically  the  same  by  many 
engineers.  They  have  some  advantages  in  strength  over  ball 
bearings,  but  for  high  speed  the  latter  are  generally  recommended. 

In  using  roller  bearings  it  is  preferable  to  have  the  rolls  of 
steel  hardened  and  ground,  and  to  run  them  upon  hardened  and 
ground  surfaces.     The  rolling  action  of  the  bearing,  if  run  on 
cast-iron,  grindstlie^ latter  into  j)owder,  and  if  run  on  soft  steel,  it 
condenses  the  metal,  causing  the  bearing  to  become  loose.     Prob- 
ably a  few  examples  of  results  obtained  by  the  use  of  roller  bear- 
ngs 'would  be  more  interesting  than  a  theoretical"  dissertation 
upon  their  advantages. 

The  saving  in  power  varies,  depending  upon  the  condition 
under  which  the  bearings  are  used  and  whether  they  are  kept 
cleaned,  oiled  and  in  propei'  alignment.  On  electric  automobiles 
tests  have  shown  that  they  run  from  20  to  25  per  cent,  further  on 
one  battery  charge  than  if  ))lain  ])ronze  bearings  are  used.  The 
United  States  (iovernment  tested  an  army  wagon  equipped  with 
and  without  roller  bearings.  The  result  showed  a  saving  in  pull 
re(|uire(l  to  move  the  wagon  on  asphalt,  75  per  cent.;  Belgian 
block,  r>0  ])or  cent.;  comnum  dirt  road,  55  i)er  cent.;  and  in 
starting  loads  on  each  of  above,  05,  55  and  5^3  ]>er  cent. 

An  upright  drill  that  will  only  drill  a  ^-JJicli  hole  will  drill 
a  hole  Ij  inches  in  dianu.^ter  when  litttMl  with  a  roller  thrust 
to  take  the  <md  strain. 

The  steam  yacht  *\\])hrodite,"  3,400  horse-jKiwer,  repoi*ts  an 
increase  in  speed  of  S  jmu*  cent.,  as  well  as  a  saving  in  coal  of  over 
5  tons  daily,  secured  l)y  the  use  of  rrUer  thrust  pro|>eller  bearings. 


BEAKINGS.  479 

Some  30  other  yachts  report  equally  good  results,  as  well  as  a 
great  saving  in  oil  and  a  reduction  in  vibration. 

The  National  Tube  Coni))any  have  used  several  roller  thrusts, 
18-inch  diameter,  for  five  years,  which  show  less  than  .001  of  an 
inch  wear,  although  run  with  a  load  of  100,000  pounds  at  120 
revolutions  per  minute,  16  hours  daily. 

A  roller  thrust  used  on  a  vertical  motor  made  a  test  run  of  24 
hours  with  a  load  of  2,750  pounds  at  740  to  750  revolutions  per 
minute.  It  was  run  absolutely  without  oil  (which  was  due  to 
a  misunderstanding),  but  the  highest  temperature  it  reached  was 
104  degrees;  the  temperature  of  tlie  air  in  the  pit  where  it  was 
located  was  OG  degrees,  showing  only  8  degrees  rise. 

The  largest  anti-friction  bearing  ever  made  has  recently  been 
tested  at  Niagara  Falls  on  a  5,500  horse-power  unit,  the  rotary 
weight  on  the  bearing  under  normal  conditions  being  about  156,- 
000  pounds.  Under  extreme  conditions  of  head  and  tail  water 
levels  the  load  on  thrust  was  increased  by  suction,  etc.,  to  a  total 
of  190,000  pounds.  The  normal  speed  is  250  revolutions  per  min- 
ute, but  if  control  is  lost  of  the  governor  it  may  reach  double  that 
speed,  or  500  revolutions  per  minute. 

The  following  specifications  cover  the  conditions  under  which 
the  test  was  made,  and  which  was  extremely  severe,  so  as  to 
cover  all  possible  contingencies. 

A.  With  normal  working  pressure  on  balancing  piston,  start 
machine  at  50  revolutions  per  minute;  run  six  houi*s;  raise  speed 
to  75  revolutions  per  minute;  run  two  hours;  continue  process 
until  speed  has  reached  25U  nn^olutions  ])er  minute. 

li.  Raise  speed  as  rapidly  as  possible  to  350  revolutions  per 
minute,  run  live  minutes,  and  then  reduce  speed  as  rapidly  as 
possible  to  zero. 

C.  liaise  speed  quickly  to  250  revolutions  per  minute  with 
normal  working  pressure  on  balancing  piston;  run  one  hour  to 
determine  wlu^tlier  bearing  is  in  proper  running  condition,  after 
test  (H).  Apply  load  to  generator  in  increments  of  1,000-horse- 
power,  running  one  hour  under  vavh  load;  run  maximum  load  of 
r>,ooo  horse -power  it'  possil)!^. 

I),  licducc  pressure  under  l)alan('in«j^  |)ist()n  by  dc^crements  of 
live  pounds  per  square  inch  until  water  is  (^tin^ly  cut  olT  from 
under  th(^  piston,  maintaining  the  speed  at  250  revolutions  per 
minute,  and  running  one  hour  at  each  pressure  with'full  load  of 
generator. 


\ 


480  BEARINGS. 

E.  Drop  load  suddenly,  allowing  the  si>eed  to  rise  as  high  as 
governor  will  permit  under  its  normal  adjustment. 

The  results  of  the  test  were  taken  every  half  hour  for  the  entire 
period.  The  present  thrust  bearings  are  composed  of  heavy  cast- 
iron  disks,  accurately  faced  and  provided  with  oil  grooves,  run- 
ning to  the  circumference  and  inclosed  in  tight  casings,  provided 
with  plates  and  dead  lights,  through  which  the  bearings  and 
thermometers  in  the  oil  may  be  observed.  Oil  is  furnished  at 
about  50  ])ounds  pressure  by  a  set  of  triple  acting  pumps  for  each 
thrust.  If  by  accident  or  otherwise  the  pump  stops,  the  cast- 
iron  thrust  disks  burn  out  at  once.  When  this  happens  it  involves 
removing  thrust,  casing  and  disks,  lifting  shaft,  filling  with  new 
disks  as  well  as  a  loss  of  5,500-horse-power  for  at  least  24  hours. 
The  labor  required  for  attending  to  the  pumps  amounts  to  about 
$2,000  per  year,  exclusive  of  cost  of  power,  oil,  waste,  repairs, 
etc. 

In  order  to  lighten  the  duty  of  the  thrust  bearings  a  balance 
piston  is  filled  in  casing  at  l)ottom  of  each  shaft  and  designed  to 
counterbalance  the  entire  weight  of  the  dynamo,  shafting  and 
runner.  Water  is  admitted  to  tliis  piston  at  about  55  pounds  per 
square  inch  and  can  be  adjusted  by  valves  as  required.  If  this 
pressure  is  removed,  the  entire  weight  of  at  least  190,000  pounds  is 
thrown  on  the  thrust  bearing.  This  may  occur  by  shutting  oflf 
the  pressure  through  accident  to  the  valves  and  piping,  or,  as 
frequently  occurs  in  winter,  by  the  water  passages  becoming 
clogged  with  ice,  and  when  this  takes  place,  the  cast-iron  thrust 
disks  burn  out  at  once,  throwing  out  of  commission  machinery 
costing  over  $500,000  and  shutting  down  the  plant  for  at  least 
two  weeks.  The  plain  roller  thrust  above  mentioned  was  tried 
under  all  the  above  conditions  of  load  and  overload  in  an  effort 
to  damage  or  break  it.  In  one  of  the  tests,  under  conditions 
where  the  old  style  thrust  lasted  less  than  one  minute,  the  roller 
thrust  ran  four  hours,  or  240  minutes,  and  showed  absolutely  no 
wear,  and  at  the  end  of  all  the  tests  the  bearing  was  in  perfect 
condition  in  all  respects,  and  less  than  10  per  cent,  of  the  oil 
formerly  used  was  consumed. 

Steel  Balls. 

In  making  steel  balls  no  method  has  been  discovered  to  finish 
them  all  true  to  size.  For  instance,  in  a  lot  of  |-inch  balls  soiiie 
will  measure  exactly  .250  of  an  inch :  othei^s  one-quarter  of  a  thou- 
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sandth  large,  or  small,  etc.  In  packing  balls,  all  in  each  box  are 
properly  marked  and  of  one  size — .250  of  an  inch  or  O.  K.  size  in 
one  box,  the  one-quarter  thousandth  large  in  another,  and  one- 
quarter  thousandth  small  in  another,  etc.  This  is  not  always 
understood,  and  the  purchaser  throws  them  all  together,  using 
them  as  required.  In  consequence,  balls  may  vary  as  much  as 
.001  of  an  inch  or  more  in  one  bearing,  which  is  not  necessary 
if  the  trade  method  of  packing  them  is  understood. 

In  addition  to  the  special  balls,  or  *^  high  duty,"  the  grades  are 
known  as  ^^A"  or  first  quality  and  "  B  "  or  second  quality.  In 
addition  to  these  standard  grades,  there  are  lower  grades,  down 
to  culls.  It  is  better  if  possible  to  buy  direct  from  a  manufacturer 
than  to  run  the  risk  of  getting  a  poor  article,  as  it  is  unfortunately 
a  fact  that  many  hardware  dealers  and  jobbers  buy  second  or  even 
lower  grade  balls  and  sell  them  as  first  grade,  mixing  the  various 
sizes,  etc.,  so  that  the  users  cannot  secure  proper  satisfaction. 

<<A"  grade  balls  vary  about  one-quarter  thousandth  of  an  inch. 
'*  B  "  grade  vary  about  .001  to  .002  of  an  inch,  while  the  "high 
duty  "  or  speciial  balls  are  furnished  varying  not  over  one  ten- 
thousandth  of  an  inch. 

Strength  of  Balls. — The  crushing  strength  of  balls  should  rarely  be 
given,  as  it  is  very  misleading,  and  has  very  little  importance  in 
considering  the  load  a  ball  bearing  will  carry,  as  the  revolutions 
|)er  minute  are  quite  as  important  as  the  load.  An  ordinary  com- 
mercial J-inch  ball  will  crush  under  about  0,000  to  6,500  pounds; 
and  a  i-inch  ball  25,000  to  30,000  pounds.  The  same  sizes  will 
carry  from  25  to  30  per  cent,  more  in  '*  high  duty  "  balls  and 
more  than  double  that  for  balls  made  of  special  steel,  which,  how- 
ever, are  too  expensive  for  general  use.  The  fact,  however, 
that  a  i-inch  ball  will  crush  at  6,000,  9,000  and  12,000  pounds, 
resi>ectively,  according  to  the  grade,  has  but  little  bearing  upon 
its  actual  strength  when  used  commercially,  as  the  s{>eed  is  of  such 
importance  that  no  bearing  can  be  designed  to  carry  a  certain 
weight  for  all  purposes.  Taking  as  a  basis  a  bearing  3  inches  in 
diameter,  it  would  give  approximately  9  inches  the  circumference 
of  ilu»  track  of  the  balls,  rei^uiring  12  revolutions  of  a  |-inch 
ball  to  make  (me  circumference.  Half-inch  balls  wouhl  make 
it  in  six  revolutions;  J-incli  in  four  revolutions,  etc.  Or,  in 
iissuming  a  spee<l  of  say  1,000  revolutions,  the  ^-inch  ball  would 
have  to  make  12,000,  i-incli  (;,000,  and  J-inch  4,000  turns. 
This  shows  very  plainly  the  vast  importance  of  the  revolutions 
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por  minute.  Entirely  irrcsjiective  of  tlic  weight  to  be  carried, 
the  s|)(^e(l  or  revohitions  a  IkiII  must  make,  if  small,  are  so  mach 
<^reat(u*  than  if  lai'«;e  thiit  it  must  be  given  lii-st  consideration,  as 
a  ball  that  could  readily  carry  a  load  at  4,000  revolutions  would 
be  entii'cly  unable  to  do  so  at  12,000. 

Another  point  of  importance  in  considering  the  crushing 
strengtli  of  a  ball  is  the  fact  that  the  temper  of  the  ball  in  hard- 
ening, at  various  heats,  changes  materially  the  weight  it  will 
carry.  Some  tyi)ewriter  companies,  for  instiince,  use  what  is 
termed  a  *' glass  hard"  ball,  which  will  stand  less  than  60  per 
cent,  of  the  strain  an  oi'dinary  tempei'CHl  ball  will  carry,  and  would 
crush  instantly  under  even  moderate  shocks.  They  are  so  hard 
that  they  are  literally  "glass  hard."  At  the  other  extreme  are 
balls  drawn  at  tempei's  especially  for  use  where  there  is  extreme 
shock  or  strain.  Where  an  ordinary  ;[-inch  ball  would  crush 
at  r»,00()  pounds,  the  '* glass  hard"  would  do  so  at  from  1,600 
to  2,000  poumls,  and  the  special  temper  at  10,oOO  to  12,000;  yet 
the  crushing  strain  they  will  withstand  has  no  bearing  upon  the 
actual  commercial  load  such  a  ball  will  carry.  Therefore,  great 
care  shouhl  be  exercised,  in  designing  bearings,  to  use  the  largest 
ba,lls  possible,  and  esj)ecially  for  high  speed. 

Mr.  (7t(f/'/fy^  If,  Pntft. — As  an  instanc(^  of  a  thrust  bearing  im- 
possible to  operate  with  fricti(m  washc^rs,  rings,  balls,. or  cones, 
althougli  all  these  had  been  tried  regardl(»ss  of  (expense,  T  cite  my 
article  ""  Roller  Tlirusl  I»earing"  in  tlu^  Aiiuriran  Machinist  of 
.lune  :iTth,  11M)1,  describing  a  thrust  b(\Mring  c<mstructe<l  of  rolls 
1-incli  in  dianu^ter  by  [inch  hmg  (corners  roundeil  to  leave 
a  tr(^a<l  r)f  ^\  of  an  inch),  which  gave  ])<M*fect  ivsults  where  all 
oth<»r  known  types  of  thrust  bearings  fail(»d  utterly. 

In  th(^  case  citcMJ  tluM-e  were  ISO  rolls  arranged  in  two  spirals 
hehl  in  slots  in  a  bronzes  cage.  TIk^  thrust  ))lates  wei'e  11  inches 
in  diameter  by  1  inch  thick,  and  were*  of  tool  steel,  pot  hanlened. 
The  s]mhh1  was  *^W  r(n'oluti<ms  p(»r  minute  and  the  thrust  load  was 
20,0(M")  to  S0,0oo  pounds,  which  made  th(»  load  pT  roll  111  to 
444  ])oun<ls.  TIh»  rolls  rotate<l  in  circles  of  from  4  inches  to  10 
inclHN  <liaiu(»ter. 

I  have  found  the  limit  of  work  for  i-inch  balls  in  thrust  bear- 
iTigs  to  be:  loo  poun<ls  loa<l  piT  ball,  at  ToO  revolutions  per 
minute  and  with  a  (Vinch  diamet<»r  circle  of  rotation. 

Uoller  bearings  at  this  duty  are  apt  to  be  noisy. 
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Mr,  John  W.  Upj). — Sui)|)lementing  the  topical  discussion  on 
beiirinffs  and  believinir  it  will  l)e  of  interest  to  the  Society  to  have 
the  practice  of  one  of  the  loading  manufacturers  of  electrical  ap- 
paratus outlined,  helow  please  find  a  list  of  clearance  allowances 
for  bearings  J-inch  to  24  inches: 
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1  also  call  attention  to  thr  sketch  (I'i;*-.  I'M  outlining  the  prac- 
tice of  cutting  oil  grooves  in  heai'ings  for  the  same  class  of  appar- 
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atus,  the  side  clearance  and  side  channels  being  clearly  shown. 
It  should  be  noted  that  oil  grooves  are  not  prqvided  for  bearings 
5  inches  in  diameter  and  under,  but  the  side  channels  are  provided 
on  bearings  of  all  sizes. 

Mr.  IL  11.  Suple^.— The  President  has  made  reference  to  the 
fact  that  future  improvement  in  the  construction  of  bearings  must 
depend  to  a  large  extent  upon  tlie  work  of  the  physicist,  and  it 
appears  to  me  that  this  remark  is  full  of  meaning.  With  but  few 
exceptions  the  members  who  have  spoken  have  discussed  but  one 
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oil  grooves  for  bearinqs 
5"  diam.  ant)  over. 

Fig.  40. 


side  of  the  question  of  heating  in  bearings,  ignoring  a  most  im- 
portant element  on  the  other  side.  The  proiluction  of  heat,  due 
to  friction,  and  the  methods  for  minimizing  it  cannot  be  too  fully 
studied,  but  a  very  necessary  matter  is  the  removal  of  heat  as  fast 
as  it  is  i^roduced.  Iknirings  become  hot  because  the  heat  is 
allowed  to  accumulate  in  them,  and  their  operation  involves  a 
continual  interaction  between  the  forces  tending  to  produce  heat 
and  the  opportunities  olFered  for  it  to  escape. 

Very  often  the  thickness  of  motiil  and  its  dis])Osition  about  a 
bearing  are  based  solely  upon  considerations  of  strength  and  of 
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resistance  to  the  mechanical  forces  acting  at  the  point  under  con- 
sideration. It  must  not  be  forgotten,  however,  that  in  most 
cases  a  much  greater  mass  of  metal  is  required  to  carry  away  the 
accumulating  heat  than  is  needed  simply  to  resist  the  working 
stresses. 

Bearings  are  sometimes  cored  out  to  permit  of  water  circulation 
when  the  metal  thus  removed  would  have  carried  off  the  heat  all 
right,  while  the  removal  of  the  metal  has  rendered  the  water 
circulation  necessary.  There  is  little  doubt  that  the  success 
which  attends  the  use  of  flooded  oil  circulation  depends  as  much 
upon  the  removal  of  the  heat  by  the  circulating  oil  as  it  does  upon 
the  improved  lubrication  thus  effected. 

It  ^vould  be  of  the  utmost  value  to  the  engineer  if  the  physicist 
would  conduct  quantitative  investigations  as  to  the  rate  at  which 
heat  is  carried  off  through  the  metal  of  a  bearing,  or  of  an  engine 
bied  or  frame,  under  the  actual  conditions  of  engine-room  service, 
and  if  tabulated  data  were  available  as  to  the  section  and  mass 
of  metal  necessary  to  carry  off  a  given  number  of  thermal  units 
per  minute,  it  might  be  possible  to  equate  this  against  the 
quantity  of  heat  produced  by  the  friction  of  the  bearing,  and 
thus  determine  beforehand  whether  a  bearing  would  accumulate 
or  disperse  heat  without  waiting  to  find  out  until  after  it  was  too 
late.  The  ])resent  method  suggests  that  of  the  ignorant  nurse  for 
determining  the  temperature  of  the  baby's  bath,  the  baby 
getting  red  if  the  water  was  too  hot,  and  turning  blue  if  it  was 
too  cold. 

Mention  has  been  made  of  the  results  with  ball  bearings  in  con- 
nection with  the  rotating  ])arts  of  a  lighthouse  lamp.  In  this 
connection  I  may  call  attention  to  the  fact  that  the  best  modern 
construction  for  such  heavy  vertical  rotating  parts  involves  the 
balancing  of  the  weight  by  means  of  a  hollow  iron  float  in  an 
iron  tank  containing  mercury,  the  weight  being  thus  taken  almost 
entirely  off  the  spindle,  and  the  latter  being  required  principally 
for'guiding  and  holding  the  parts  in  position.  A  very  moderate 
quantity  of  mercury  is  required  as  the  float  very  nearly  fills  the 
tank,  with  but  a  narrow  circular  simco  for  the  mercury  between. 
This  arningement  is  used  on  the  powerful  ^^  f(»ux-(Vlairs "  or 
li<^^htning  flash  li<,^ht-h()Usos  on  the  coast  of  France,  the  most 
p()werfui*h*<j:hts  in  use,  an<l  I  Ix^licne  that  a  similar  device  is  us(^<l 
on  the  ii<]:ht  at  Fin»  Island,  so  that  there  is  no  need  for  the 
bearings  in  such  cases  to  support  any  very  heavy  weight. 
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Mr.  U.  G,  ReiHt, — ^The  pressures  allowed  on  the  projected  area 
of  journals  are  from  30  to  SO  jiounds,  the  average  pressure  being 
probably  about  40  to  45  pounds.  The  lower  pressure  occurs  in 
such  cjises  where  tlie  shaft  has  to  be  enlarged  on  account  of  stiif- 
ness.  The  higher  pressures  given  are  generally  allowed  only 
where  the  rubbing  speed  is  small.  The  rubbing  speed  of  the 
journals  for  ordinary  macliinery  varies  from  about  400  feet  to 
1200  feet  per  minute.  The  pnictice,  as  establisheil  by  the  General 
Electric  Company,  does  not  depart  very  far  from  an  old  formula 
Avhich  I  understand  was  given  by  Professor  Thurston  many  years 
ago,  viz.,  the  product  of  the  pressure  in  ])ounds  per  scjuare  inch 
of  projected  areji  of  the  journal  and  the  rubbing  speed  of  the 
journal  in  feet  per  minute  should  not  exceeil  50,000. 

The  ratio  of  the  length  of  l)earing  to  the  diameter  generally 
used  is  3. 1,  but  in  many  places  a  proportionally  shorter  length  has 
been  found  preferable. 

Oil  rings  have  been  generally  used  by  this  company  for  many 
years  with  satisfactory  results.  These  rings  are  usually  placed  not 
further  than  8  inches  apart.  For  larger  bearings — a  foot  or  more 
in  diameter — I  think  it  is  desirable  to  have  a  circulating  system 
of  oil  carrying  off  a  considerable  portion  of  the  heat  generated  in 
the  bearing  by  means  of  the  oil.  With  the  oi^dinary  self-oiled 
bearing  the  cooling  of  the  bearing  is  dependent  on  the  radiation 
of  the  heat  from  the  outside  of  the  pedestal  or  l)earing  supporting 
case  and  from  the  shaft.  No  doubt  a  large  part  of  the  heat  gen- 
erated is  conducted  through  the  shaft  and  dissipated  from  the 
shaft  some  distance  away  from  the  bearing. 

For  self-oile<l  step  bearings  the  above  pressures  and  speeds  are 
usually  allowe<l.  Such  bearings  are  geneniUy  submerged  in  oil, 
and  are  provided  with  radial  grooves  in  the  moving  portion  of 
the  bearing  which  force  the  oil  over  the  bearing  surface  by  centri- 
fugal force.  The  oil  may  bo  taken  up  through  the  guide  bearing 
and  then  returned  to  the  reservoir.  If  the  weight  to  be  supported 
is  of  considerable  size,  we  sometimes  use  a  step  l)earing  1>elow  and 
one  above  tlu*  machine,  one  of  the  bearings  being  rigidly  con- 
nected to  the  shaft  and  the  othor  su|)ported  from  it  l)y  a  spring 
designe<l  to  carry  about  half  of  the  load. 

If  very  gn^at  ]>ressaivs  have  to  l)e  carri(Ml  at  high  s]^eds  on  step 
l)earings,  it  is  luittor  to  sup))(>rt  the  weight  on  a  film  of  oil  or  water 
maintaincil  by  pressure  as  is  done  in  the  now  well-known  "foot 
step  bearing"  useil  on  the  Curtis  turbine. 
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In  these  hearings  tliere  is  a  circular  recess,  about  half  the  total 
(lianieter  of  the  bearing  disc,  to  allow  the  oil  to  distribute  before 
the  shaft  is  raised  from  its  seat.  The  pressure  of  the  oil  must  be 
somewhat  greater  to  raise  the  sliaft  than  to  support  it  after  it  is 
raised,  since  when  it  is  in  running  position  the  pressure  acts  over 
a  greater  surface  than  the  circular  recess.  There  is  a  gradual 
fall  of  pressure  from  the  recess  to  the  outer  edge  where  the  oil  is 
free.  The  distance  that  the  bearing  is  raised  from  its  seat  with 
this  arrangement  is  very  small  and  depends  on  the  rate  of  pump- 
ing oil  through  the  bearing.  In  practice  it  is  about  .003  to  .005 
of  an  inch.  The  oil  pressures  used  for  such  bearings  vary  from 
250  to  800  pounds.  The  initial  pressure  while  raising  the  bearing 
from  its  seat  will  be  about  25  i>er  cent,  greater.  A  few  examples 
of  what  occurs  in  practice  may  be  of  interest. 

Weight  of  rotating  part 9,800  53,000  187,000 

Revolutions  per  minute 1,800  750  500 

Diameter  of  Bearing  Seat,  inches 9J  16  22 J 

Pressure  of  Oil 180  420  650 

Quantity  of  Oil  in  gallons  per  minute 1  3J  6 

A  modification  of  this  form  of  bearing  is  used  in  case  it  is 
necessary  to  extend  the  shaft  down  through  the  bearing.  In  this 
cjise  it  is  not  possible  to  pump  the  oil  in  the  center  of  the  bearing, 
but  it  is  forced  into  an  annular  groove  in  a  ring  forming  the  bear- 
ing surface.  More  oil  is  re(|uired  with  this  arrangement,  as  it 
lijis  two  edges  from  which  it  may  escape  from  the  pressure. 

Mr.  //.  h\  J<m(S, — In  the  Russell  &  Erwin  i)lant  of  the  Cor- 
bin  Screw  Corporatitm  there  is  in  use  3,000  feet  of  self-oiled 
shafting,  averaging  2,*^,{  inches  diameter,  making  from  150  to 
500  revolutions  ])er  minute.  Every  bearing  of  this  shafting  has 
a  sucti<m  oiler  in  tlu^  center,  and  some  have  ring  oilers  also  at  each 
end.  So  far  as  W(»  havt?  been  able  to  discover,  the  bearings  with 
suction  oilers  ahme  are  workin^^  ecjually  well  with  those  having 
both  kinds.  Tliere  is  also  in  tlu»  plant  about  4,000  feet  of  shafting 
and  l.'Joo  separate  maxdiines  which  are  oiled  by  hand. 

West  Virginia  native  oil  was  used  exclusively  for  many  years 
and  <lid  good  servi('(\  In  late  years  it  has  been  difficult  to  get 
this  oil,  and  for  a  year  or  two  we  us(mI  a  black  oil  which  is  said 
to  be  a  by-product  in  the  manufacture  of  kerosene.  This  was  not 
JUS  good  as  the  native*  oil,  and  l)(»twe(»n  May  1 1th  and  lOth  last  we 
changed  to  so  called  '*  engine*'*  oil.  May  11th,  with  the  black 
oil,  it  took  5rM   horse-power  to  drive  the  shop;   May  16th,  with 
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the  engine  oil,  487;  May  24th,  472,  May  31st,  454,  andJune  16th, 
428  horse-power,  being  a  saving  of  139  out  of  567  horse-power  or 
24^  per  cent.  During  the  last  week  in  July  Ave  drew  out  for 
the  Jirst  time  the  old  oil  from  our  self-oiling  hangers  and  filled 
them  with  the  engine  oil.  I  have  here  some  of  the  oil  taken  out. 
It  is  the  original  oil  put  in  thirty  years  ago  with  sufficient  yearly 
additions  to  make  up  for  evaporation.  The  drawing  oflf  of  the 
old  oil  from  the  hangers  had  scarcely  any  effect  on  the  engines. 
The  last  cards  taken  (November  17th)  shoAved  427. 77  horse-power 
with  the  same  work  being  done.  When  we  changed  oil  in  May 
we  simply  replenished  the  self -oiling  hangers  with  engine  oil 
without  draining  oflf  the  old  oil. 

A  short  time  ago,  in  a  neighboring  factory,  I  saw  the  caps  re- 
moved from  a  line  of  hangers  which  had  both  suction  and  ring 
oilers.  The  oil  Avas  very  thick,  and  nearly  every  one  of  the  ring 
oilers  Avas  stuck  fast  and  inoperative,  but  every  suction  oiler  was 
in  operation  and  abundantly  oiling  the  shaft. 

I  have  here  one  of  the  suction  oilers,  taken  from  a  2^^  hanger, 
which  had  no  ring  oilers,  which  has  been  in  use  29  years  and  10 
months,  much  of  the  time  12  to  14  hours  per  day,  the  shaft  making 
300  revolutions  per  minute.  It  has  Avorked  perfectly  all  this  time 
and  there  is  a  mathematical  certainty  that  under  unchanged  con- 
ditions it  Avould  do  so  for  1,000  years. 

At  one  time  a  part  of  our  plant  Avas  run  by  electricity,  Avhich 
was  furnished  by  three  alternating  current  generators  of  100, 
150  and  200  kilowatt,  600  volt,  60  cycle,  running  900,  600,  600 
revolutions  per  minute.  On  more  than  one  occasion  the  100 
and  200  kilowatt  generator  bearings  were  melted,  although  under 
the  care  of  experienced  electricians.  From  the  above  facts  I  have 
formed  the  opinion  that  it  would  be  well  if  all  generator  and  motor 
bearings  were  fitted  with  suction  oilers  at  the  center  in  addition 
to  the  ring  oilers  at  the  ends. 

Prof.  Wm.  H.  Kenerson. — Much  has  very  properly  been  said  in 
the  discussion  of  ball  and  roller  bearings  regarding  the  desirability 
of  careful  and  accurate  machining  and  the  use  of  balls  as  nearly 
as  possible  of  uniform  size. 

Particular  emphasis,  however,  should  })e  laid  on  proper  harden- 
ing since  this  is  a  matter  Avhich  apparently  receives  too  little 
attention  on  the  part  of  the  manufacturers.  A  familiar  saying 
might  with  some  truth  be  panaphrased  to  state  that  a  ball  bearing 
is  no  stronger  than  the  weakest  ball.     The  failure  of  one  ball  is 
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almost  certain  to  cause  one  after  the  other  to  fail  until,  if  not 
promptly  discovered,  the  whole  bearing  is  ruined. 

From  a  considerable  collection  of  examples  of  ball  bearing 
failures  it  is  evident  that  by  far  the  majority  were  hastened,  if 
not  entirely  caused,  by  uneven  hardening,  particularly  of  the 
balls. 

Since  it  is  perfectly  possible  by  means  of  proper  heating  baths, 
pyrometers  and  methods  of  quenching  to  produce  a  uniform  prod- 
uct, it  seems  unfortunate  that  high  grade  balls  of  uniform  quality 
are  so  difficult  to  secure. 

Conversation  with  a  number  of  prominent  manufacturers  of 
ball  bearings  brings  forth  the  opinion  that  the  trade  will  not  bear 
the  additional  cost  of  such  methods  of  manufacture,  but  recent 
annoying  and  expensive  experience  with  improperly  hardened 
balls  leads  mo  to  hope  that  somebody  will  at  least  try  the  experi- 
ment. 

Mr.  Geo.  Hill — Three  experiences  in  connection  with  bearings 
may  be  of  interest. 

1.  In  the  electrical  equipment  of  the  Auchincloss  breaker  for 
the  D.  L.  &  W.  Railway,  at  Nanticoke,  Pa. 

The  first  coal  breaker  of  which  the  writer  has  any  knowledge 
in  which  direct  current  electric  motors  were  attached  directly  to 
each  part  of  the  breaker  machinery.  It  was  feared  that  the  dust 
which  composes  a  relatively  large  per  cent,  of  the  atmosphere  of 
the  breaker  would  prove  destructive  to  the  motor  bearings  and 
commutators.  As  a  consequence,  each  motor  was  inclosed  in  a 
galvanized  iron  box  with  locked  seams,  but  not  riveted,  the  open- 
ing through  which  the  shaft  ])rojecte(l  being  made  one-eighth  of 
an  inch  larger  in  diameter  than  the  diameter  of  the  shaft.  Air 
was  su])plie(l  to  this  box  at  about  two  ounces  pressure  through  a 
4-incli  branch  pipe  from  an  IS-jnch  main  pipe,  into  which  fresh 
air  was  delivered  by  means  of  a  fan  from  the  powerhouse  located 
in  clear  air  about  200  yards  away  from  the  breaker.  The  fresh 
air  discharged  on  the  motor  and  leaked  out  from  the  box.  This 
arrangement  has  been  working  satisfactorily  for  about  four  years. 

2.  A  high  speed  countei^shaft  on  a  light  automobile  was  very 
badly  cut  during  an  attempt  to  lubricate  it  properly  by  means  of 
wick  oil  t'ups.|^Tli(*  oil  cups  were  abandoned,  and  over  each  of 
the  two  hearings  a  grease  cuj)  filled  with  graphitoleo  was  placed, 
the  greas(*  IxMng  supplied  by  occasionally  screwing  down  the 
cups.     The  bearings  on  the  shaft  and  the  boxes  were  not  trued 
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up  nor  touched  in  any  way,  but  continued  to  run  satisfactorily 
and  cool  during  the  time  that  the  automobile  remained  in  the 
writer's  possession.  The  cutting  occurred  during  the  liret  thou- 
sand miles  of  running.  The  automobile  was  driven  all  told  by 
the  writer  nearly  4,000  miles. 

3.  In  the  subsequent  automobiles  owned  by  the  writer  grease 
cups  sup[)lied  with  gra[)hitoleo  were  used  wherever  possible,  re- 
sulting in  the  exclusion  of  dust  and  grit  from  all  bearings  by 
keeping  them  filled  with  a  lubricating  grease.  It  is  the  writer's 
opinion  that  Albany  grease  would  not  have  produced  so  goo4  a 
result  since  the  grease  would  very  (juickly  melt  and  run.  leaving 
no  lesidue.  In  the  case  of  the  graphitoleo,  much  of  the  graphite 
remained  behind,  etticiently  performing  the  functions  of  a  lubri- 
cant. 

Mr.  W.  8.  Rogers. — I  want  to  say,  in  the  first  place,  that  neither 
ball  nor  roller  bearings  are  in(lispensablt^  They  are  not  good  every- 
where for  all  needs  under  all  conditions,  and  the  old  metallic  bear- 
ing will  be  in  use  years  after  we  have  passed  away. 

Years  ago,  in  cooperation  with  another  and  older  member  of  the 
Society,  I  made  experiments  upon  the  application  of  such  bear- 
ings to  railway  car  journals.  In  our  experiments  we  took  a  three- 
inch  shaft  to  represent  the  car  axle  and  placed  a  car  brass  of  the 
ordinary  type  upon  it,  resisting  its  tendency  to  revolve  by  a  weight 
on  a  string  running  over  a  small  sheave. 

At  100  revolutions  of  the  shaft  the  car  brass  was  pulled 
off  and  away  from  the  wheel  until  the  weight  touched  it.  At  400 
revolutions  the  friction  had  been  reduced  to  such  an  extent  that 
the  brass  returned  to  its  normal  position,  and  it  was  ready  to  be 
pulled  off  by  the  weight.  Then  we  made  a  roller  bearing,  using 
three-eighths  rollers. 

At  100  revolutions  the  weight  overcame  the  roller  friction.  As 
we  increased  the  speed  of  the  shaft  to  450  revolutions,  the  roller 
bearing  gradually  followed  the  direction  of  the  rotation  of  the 
shaft  until  the  Aveight  packed  up  against  the  sheave  and  the  string 
broke.  This  ])roved  clearly  that  the  rotation  of  the  shaft  caused 
a  friction  at  the  higher  speed  with  which  the  rollers  could  not 
keep  up.  Further  experiments  with  larger  rollers  satisfied  ua  that 
the  correct  design  w^as  one  in  wOiich  the  diameter  of  the  rollers 
should  Im^  the  same  as  Ihat  of  the  axle. 

Other  inventors  and  experimenters  knew  that  this  was  true, 


BEARINGS.  491 

since  at  that  time  rollers  were  patented  having  geared  teeth,  to  com- 
pel the  rollers  to  go  with  the  shaft.  The  inventors  since  that  time, 
or  during  the  past  ten  years,  have  lost  sight  of  this  feature  chiefly 
because  they  did  not  want  to  increase  the  diameter  of  the  bearings 
as  a  whole.  The  eflFort  has  been  to  make  a  bearing  which  would 
go  inside  of  the  framework  of  the  Sellers  hangers  for  commercial 
reasons. 

Two  years  ago  I  made  an  experiment  abandoning  the  Sellers 
design,  making  a  bearing  of  proper  size  and  letting  the  hanger 
develop  itself  to  suit  the  bearing.  We  put  our  bearings  and  hang- 
ers on  the  shafting  of  an  old  mill  that  had  not  been  aligned  for 
twenty  years,  with  almost  every  foot  either  twisted  or  bent  out  of 
parallel,  and  in  some  places  between  hangers  at  eight  feet  centers, 
in  a  total  length  of  sixty  feet,  the  irregularity  was  equal  to  the 
diameter  of  tlie  shaft  These  hangers  were  bolted  to  the  ceiling 
at  angles  of  part  of  degrees,  as  improperly  placed  as  possible.  The 
shaft  was  driven  by  a  water  wheel  whose  gate,  4  feet  by  12  inches, 
had  to  be  wide  open.  Now  these  ball-bearings  are  still  running 
and  the  gate  is  open  1^  inches,  but  in  my  opinion  the  time  has  not 
come  for  that  bearing  or  hanger  to  go  on  the  market,  since  one 
which  has  not  been  in  actual  service  for  three  to  five  years  is  an 
experiment  as  yet.  In  my  opinion,  a  one-inch  ball  should  be 
figured  as  capable  of  carrying  not  over  1,000  pounds,  under  maxi- 
mum conditions,  and  a  half -inch  ball  should  not  be  calculated  to 
carry  over  200  pounds.  Any  other  factor  of  safety  less  than  this 
means  trouble. 

I  have  no  use  for  a  form  of  roller  bearing  made  with  small 
rollers  with  round  ends,  the  latter  bearing  against  an  inner  sleeve. 
The  alleged  advantage  of  such  a  device  is  the  double  purpose*  of 
taking  both  a  radial  load  and  the  end  thrust,  but  the  buyer  does 
not  get  two  Ix^arings  in  one  as  he  thinks.  The  roller  is  j)inehed 
at  on(^  end  so  that  its  entin^  cage  is  twisted  out  of  all  semblance 
of  parallelism  or  truth,  and  is  ultimatc^ly  destroyed. 

Answering  the  point  raist^l  by  Mr.  Johnson,  there  are  too  many 
iK'arin^s  made  like  watches  lh(^  hearings  furnished  to  the  gov- 
ernment and  used  in  the  disappearinic  ^nn  carriagiis  are  samph's 
of  this  folly.  The  so-called  silent  iH'aring,  illustrated  in  some  of 
the  drawint!;s  presented,  is  not.  new  in  this  C()untry,  hut  has  bcM'U 
tried  otf  and  on  for  many  years.  Ft  is  only  suitable,  in  my  opinion, 
for  c<Ttain  light  loads  and  under  mild  conditions  of  service. 
Mr.  A.  h\  Jolmson.     ^^Siniplicity  is  the    work  of  true  genius, 
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while  a  complicated  mechanism  is  a  work  half  finished/'  would 
seem  to  apply  to  roller  bearings  as  well  as  to  other  machines. 

Probably  the  first  bearings  consisted  simply  of  rolls  inserted. 
Our  first  experience  was  wdth  one  of  the  most  practical  bearings 
ever  made,  the  "patent  sheave,"  in  blocks.  A  peculiarity  of  these 
bearings  is  that  they  have  so  much  clearance  and  are  made  of  such 
material,  that  they  appear  to  run  at  a  lower  friction  co-efficient 
than  any  I  ever  knew  of,  and  absolutely  nothing  except  freezing 
the  block  solid  full  of  ice  affects  them.  They  run  on  tool  steel 
pins,  which  are  not  machined,  with  a  clearance  of  about  0.06 
inches,  and  wearing  half  way  down  through  the  pin  apparently 
does  not  affect  the  operation  of  the  bearing. 

These  rollers  are  of  bronze,  usually  six  in  number,  spaced 
nearly  tangent  to  one  another  around  the  pin.  Pin  gudgeons  in 
the  ends  of  each  roller  run  in  circles  of  holes  in  two  sheet  metal 
rings  which  are  loosely  held  by  wires  permitting  relative  rotation 
of  perhaps  ten  degrees. 

We  have  understood  the  O.  C.  K.  K.  equipped  its  Fall  River 
trains  in  about  '81  with  a  bearing  which  had  no  separators,  were 
lubricated,  and,  not  being  perfectly  protected  from  dust,  soon 
clogged  to  delay  train  more  than  plain  brasses ;  time  gained  when 
clean  was  about  twenty  minutes  on  the  run.  Can  any  member  put 
tlie  facts  in  this  case  on  record  ? 

One  of  the  best  of  our  present  bearings  is  frequently  run  with 
but  half  of  its  rollers  in  a  cage — why  can't  the  other  half  also  take 
caro  of  themselves  ?  Perhaps  the  manufacturer  will  tell  us  if  he 
has  made  tests  to  determine  this  point.  If  so  the  results  would  be 
of  value  to  designers. 

Bearings  to  be  used  on  jeweler's  rolls  doubtless  must  run 
without  clearance  or  under  a  pressure,  but  a  clearance  of  0.004  + 
0.0005  per  inch  diameter  of  journal  is  so  little  that  if  used  in 
exposed  positions  it  will  soon  rust  solid,  and  the  bearing  is  likely 
to  he  broken  in  small  pieces  if  forced  free  without  dismounting. 
Some  things  in  some  places  should  not  be  "  fitted  like  a  watch.*' 
The  above  condition  can  be  best  met  by  bronze  rollers  with  the 
necessary  increase  in  roller  contact  and  clearance.  In  many  years' 
experience  with  a  simple  caged  bearing  witjr  about  0.05  inches 
clearance  around  the  rolls  in  cage  and  0.03^  in  journal  diameter, 
we  do  not  rememlK?r  a  case  of  one  being  wrecked  by  loosening 
after  rusting.  Cages  were  cast  ready  to  receive  the  rolls  cut  from 
cold  drawn  (not  rolled)  steel  rods,  selected  to  vary  not  over  0.00025 
inches. 
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The  greatest  trouble  the  designer  has  with  the  commercial  bear- 
ings is  that  their  makers  do  not  give  him  rational  fonnula?  by 
which  to  ascertain  the  relative  carrying  capacity.  So  far  as  we 
know  they  all  come  back  at  him  with  ''  projected  area,"  ^'  the  larger 
the  roll  the  more  the  bearing  will  carry,"  "  steel  sleeves  for  the 
journal  and  bushings  for  the  bore,"  ''  rolls  must  not  carry  them- 
selves around  except  through  the  intervening  cage  bar,"  and,  worst 
of  all,  ^'  write  us,  and  while  we  are  figuring  it  out,  either  sit  still 
or  take  chances  that  you  can't  get  our  sizes  in  after  your  machine 
is  arranged."  An  example  of  the  latter  case  is  given  in  which  a 
roller  bearing  was  designed  to  have  a  carrying  capacity  of  13,170 
pounds  and  permitting  a  temporary  increase  of  60  per  cent.  The 
commercial  bushing  used  in  this  place  having  thirteen  rollers,  ^ 
inch  diameter,  3.587  long,  in  the  place  of  the  fourteen  rollers  4.25 
long,  gave  but  78  per  cent,  of  the  capacity  of  the  one  the  designer 
expected  to  use. 

Having  never  exporiinonted  and  become  an  authority,  we  will 
only  present  for  discussion  a  few  of  the  conditions  we  have  fol- 
lowed during  tlie  last  twenty  years. 

Trautwinc  and  Christie  both  consider  the  roller  capacity  varies 
as  the  square  root  of  the  diameter,  and  as  the  length  of  roller  con- 
tact, on  flat  surfaces.  Capacity  is  of  course  greater  than  this  in 
bores,  because  of  larger  arc  of  contact  on  roll  and  less  on  journals 
because  of  less  arc  of  contact;  therefore  it  would  seem  practical 
to  design  such  dimensions  for  our  slow  running  shafts  that  the 
bore  may  be  of  cast  iron,  which  does  not  rust  deeply  and  become 
pitted  on  its  surface  like  steel.  If  bearing  capacity  must  be  in- 
creased, force  a  bore  bushing  of  seamless  drawTi  steel  tube,  which 
can  be  procured  to  0.001  variation  of  diameter,  into  the  cast  iron 
boro  and  afterwards  ream.  The  rollers  running  around  inside 
will  enlarge  and  tighten  this  bushing  and  conversely  the  journal 
bushing  if  used  would  be  loosened  by  the  rollers  traveling  outside 
of  them,  unless  made  of  perhaps  three  times  the  thickness  neces- 
sary for  the  bore  bushing.  A  little  harder  steel  for  the  shaft  is 
s(nnotinu's  IxUter  than  enlarging  the  journal  by  a  bushing  as  it  will 
not  increase  tlu;  sjKiee  necessary  for  all  outside  of  itself — some- 
times a  serious  matter.  In  arranging  formula^  from  common  data 
and  with  the  use  of  a  constant  we  can  com])are  ca])acity  of  bear- 
ings of  different  sizes  and  rnatiM'ials.  Practically  for  journals  you 
may  consider  that  a  fourth  of  the  total  length  "  of  rolls  as  evenly 
Waring  the  whole  load  "  e(|ual  to  an  arc  of  ninety  degrees  on  the 
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pressure  side.     We  have  then  this  for  our  slow  loads  on  a  cast  iron 

I          tirrv    /        total  lineal  inches  .^  ,«  ic/^*    i. 

bore,  250  \a  x -7 —  =  capacity,  and  for  say  150  feet 

per  niinute  surface  speed,  937.5  ^/d  x -j^ =  capac- 
ity. The  cast  iron  bores  are  by  some  never  oiled.  Steel  shelves 
in  the  cast  iron  bores  increase  the  above  capacity  50  per  cent. 

The  above  are  capacities  which  have  been  extensively  used  with 
satisfaction.  Experience  alone  can  show  the  proper  variation  of 
the  constant  for  material  and  service,  but  we  have  from  Trautwine 
1,761  \/d  and  also  statement  that  2,000  Vrf  has  been  used  for 
bridge  expansions  with  C.  R.  S.  rollers  and  untempered  surfaces. 
One  of  our  best  manufacturers  tables  the  capacity  of  his  bearings, 
varying  from  148  Vd  to  1,380  \/d. 

Increasing  the  roll  diameter  may  not  increase  the  capacity,  e.g. : 
take  two  2-inch  journals  4  inches  long.     In  one  case  §  rolls  3.75 

19x3  75 

long — 19  are  required,  capacity  equaling    1250  V.375  x ^^ — 

=  13,630  pounds  load.     In  the  other  case  ^  rolls  3.75  long  14  are 

14x375 
required,  capacity  equaling  1250  v  .5  x  '      =  11600  pounds 

load. 

One  manufacturer  states  that  hardened  and  ground  rollers  and 
surfaces  have  borne  20,000  pounds  per  square  inch  of  projected 
area.  If  he  would  only  give  the  other  dimensions  and  number  of 
rolls  we  could  ascertain  the  constant  and  not  considering  the 
velocity,  we  would  then  know  what  hardened  and  ground  surfaces 
an^  really  good  for.  Can  anyone  present  this  data  ?  We  believe 
that  in  a  great  deal  of  work  no  cage  is  necessary,  because  friction 
between  rolls  is  produced  by  tangential  pressure,  and  that  in  any 
case  oiK^  more  expensive  than  the  one  in  the  "  patent  sheave  "  to 
be  worse  than  none.  We  do  not  understand  that  the  tangential 
pressure  between  rolls  could  produce  greater  friction  than  that  lost 
between  roll  and  cage.  The  pressure  is  supposed  to  be  radial  and 
not  tangential  anyway. 

In  short  there  is  the  largest  kind  of  a  market  for  bushings  not 
complicated  enough  to  enable  the  manufacturer  to  get  around  an- 
other patent,  but  that  can  be  sold  for  $2.60,  where  some  makers 
recommend  one  of  their  $10  ones  made  without  practical  clear- 
ances. 

The  best  analysis  of  capacity  of  balls  races  that  we  know  of  is 
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in  an  article  by  Williams  in  "  American  Machinist "  of  19th  of 
February,  1903.  Has  anyone  applied  this  same  analysis  to  the 
action  of  rollers? 

Mr.  Oberlin  Smith. — Speaking  in  general  of  ball  and  roller 
bearings  we  all  know  they  are  a  good  thing  and  have  come  to 
stay.  The  great  importance,  as  dwelt  on  here,  of  having  them  as 
accurately  spherical  or  cylindrical  as  possible  cannot  be  exagger- 
ated. At  the  same  time  we  must  not  expect  too  small  a  percentage 
of  error,  as  the  elasticity  of  the  metal  will  take  care  of  small  varia- 
tions. 

I  find,  in  talking  to  my  assistants,  that  they  often  say,  "  This 
must  not  move  at  all ;  this  must  not  bend  or  twist  or  lengthen  or 
shorten."  I  reply:  "  Learn  to  consider  that  nearly  all  metals,  steel 
and  cast  iron  especially,  behave  about  the  same  as  does  India  rub- 
ber; only,  they  don't  move  as  far,  within  their  respective  elastic 
limits.  With  metals  like  lead  we  perhaps  have  a  nearer  analogue 
in  putty — but  even  lead  has  some  resilience." 

In  construction,  we  should  have  our  balls  and  rollers  as  round, 
as  uniform  in  size  and  as  hard  as  possible — that  is,  within  reason- 
able commercial  limits.  In  design  we  should  make  the  rollers  as 
long  as  possible,  and  should  put  enough  rows  of  balls  in  a  bearing 
so  as  to  be  sure  not  to  crush  the  metal  anywhere.  The  great  thing 
is  to  keep  the  load  far  within  the  "  yield  point,"  and  thus  have 
balls  that  will  last  a  good  while,  even  if  not  throughout  eternity. 

Something  was  said  about  a  line  bearing — about  it  not  matter- 
ing so  much  what  was  the  diameter  of  a  roller,  because  it  was  only 
a  line  bearing  anyhow. 

Now  wo  speak  of  the  point  of  contact  of  a  ball  or  line  of  a 
roller.  There  is  no  such  thing  as  a  line  contact;  it  is  always  a 
surface  contact,  with  the  metal  more  dense  in  the  middle  than  at 
the  outer  edges. 

Thoroforo,  all  coutacts  have  some  width,  depending  on  the  pres- 
sure, and  it  does  make  a  diflFerence  whether  the  roller  is  large  or 
small,  bocauso  tlio  larger  it  is  the  wider  we  get  our  surfaces  of 
contact. 

On  a  recent  autonmbile  tour  a  horrible  noise  suddenly  startled 
ns ;  some  ball  beariuiis  irave  way,  and  we  walked  home. 

The  trouble  proved  lo  be  in  the  shell  snrroundiug  the  balls, 
which  was  of  too  thin  niotal. 

This  is  a  comnioii  fault  in  such  b(»ariugs.  If  they  are  too  thin 
they  may  be  m  hard  as  an  autoist's  cheek,  and  yet  they  will  buckle 
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lip  and  t(»ar  out  sidovvays  and  do  all  sorts  of  things.  If,  however, 
they  an*  made  thick  onough,  and  hardened  to  the  proper  temper, 
this  trouhle  will  not  oceur,  and  the  east  is  hut  slightly  greater. 

I  heard  something  said  about  three  or  four  thousand  pounds  to 
the  square  inch  of  projected  area  for  ordinary  bearings.  I  do  not 
know  wdiat  is  generally  considered  a  maximum,  but  it  is  well  to 
keep  it  as  low  as  possible — for  durability  of  parts  and  for  easy 
lubrication. 

In  a  certain  class  of  machine,  the  power  press,  it  is  difficult  to 
get  a  low-  ])ressure  per  unit  of  surface.  Presses  are  subject  to  very 
severe  stresses,  and  I  do  not  think  any  rule  has  ever  been  formu- 
lated as  to  tlie  nuiximum  pressure  that  should  be  put  on  the  bear- 
ings. It  is  c(»rtain  that  this  pressure  is  much  greater  than  is  usu- 
ally allow-ed  for  other  machinery. 

An  instance  of  such  excessive  pressure  may  be  cited  in  the  case 
of  a  Ferracute  toggle  press,  where  the  whole  ram  pressure  of  400 
tons  is  brought  to  boar  upon  hardened  steel  toggle-pins,  running 
in  cast  iron  for  S(nneliin(\s  bronze)  bearings,  *5  inches  in  diameter 
by  nearly  14  inclies  long,  tlu^se  having  a  projected  area  of  about 
40  square  inches.  Th(»se  run  habitually,  for  maximum  work,  under 
a  load  of  20,000  pounds  per  square  inch.  The  case  is  somewhat 
aggravated  witli  this  ])articular  iy])e  of  press,  l)ecause  the  ram  is 
thrust  u])Wiird  from  the  bottom,  with  the  weight  of  it  always  keep- 
ing th(^  toggles  and  ]>ins  closely  in  contact.  These,  when  worn  to  a 
good  fit,  act  almost  like  valves  for  kee|)ing  out  the  oil,  which  does 
not  get  in  as  plenlifully  as  in  the  case  of  presses  with  toggles  at 
the  top.  In  these  latter  machines  the  weight  of  the  ram  and  tog^ 
gles  ])ulls  all  the  joints  slightly  apart,  they  being  pushed  close 
again  when  the  dies  come  tog(»ther  upon  the  work.  This  makes  an 
intermittent  ])ressure,  providing  at  each  stroke  a  little  clearance 
for  oil  spaces. 

In  a  Ferracute  ])nnching  ])ress  of  about  S4  tons  capacity,  which 
T  call  to  mind,  the  ])ressure  upon  the  front  journal  of  the  main 
shaft  is  about  2,400  pounds  ])er  s(|uare  inch  of  ])rojected  area. 
F])on  Ihe  eccentric  on  the  front  <»f  the  sliaft,  the  pressure  against 
the  ])itman  driving  the  ram  is  some  7,000  ])ounds  per  square  inch 
— both  surfa(*cs  being  of  cast  iron,  and  sometimes  running  at  a 
surface  s])eed  of  1  }0  feet  per  minute. 

These  pn^ssurcs,  when  compared  with  ordinary  practice,  seem 
abnormally  great;  yet  such  machin(»s  run  year  in  and  year  out 
with  but  little  trouble*  in  the  way  of  heating  or  "cutting."     The 
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lubrication  usually  consists  of  ordinary  machine  oil  poured  in  an 
oil-hole  once  or  twice  a  day.  Of  course  the  pressure  is  intermit- 
tent and  continues  at  its  maximum  during  only  a  small  part  of  the 
revolution  of  the  shaft,  the  amount  depending  on  the  kind  of  work 
being  done. 

An  apparent  paradox  in  the  working  of  the  same  press  is  the 
fact  that  a  fly  wheel  weighing  about  a  ton,  running  freely  upon 
the  rear  end  of  the  shaft,  while  no  work  is  being  done,  causes  much 
more  trouble  in  the  way  of  getting  dry  and  cutting  than  do  the 
main  journals  or  the  eccentric,  and  this  notwithstanding  the  fact 
that  the  load  is  less  than  60  pounds  pressure  per  square  inch  pro- 
jected area.  The  reason  of  this  doubtless  is  that  the  wheel,  being 
slightly  loose  upon  the  stationary  shaft,  bears  upon  a  so-called  line 
of  contact  only,  at  the  top  of  the  shaft.  Farther  down,  there  is  of 
course  no  steady  contact.  Thus  the  actual  amount  of  bearing  sur- 
face is  vastly  reduced,  and  the  conditions  are  much  changed  from 
what  they  would  be  if  a  shaft  fastened  in  the  same  wheel  were 
running  in  stationary  bearings  of  the  same  total  area.  In  this  lat- 
ter case  the  shaft  wears  itself  down  and  touches  throughout  a  full 
half  circle,  as  is  also  the  case  with  the  heavily  loaded  bearings 
previously  mentioned. 

Thus  we  have  a  lesson  regarding  the  advisability  of  running 
sheaves,  rollers,  levers  and  such  devices  upon  pins  or  shafts  of 
their  own,  in  stationary  bearings,  rather  than  to  let  them  run 
loose  upon  a  stationary  pin — that  is,  w^here  the  pressure  is  heavy. 

Mr.  Fred.  W.  Taylor. — Some  years  ago  I  was  intimately  con- 
nected with  the  design  of  a  mill  for  the  manufacture  of  a  new 
product,  in  whicli  wo  intended  originally  to  use  600  horse-power, 
but  on  account  of  intentional  misrepresentation  by  the  foreign  pro- 
moters and  inventors  we  were  finally  obliged  to  use  from  1,400  to 
1,700  horse-power  to  run  the  mill. 

The  shafting  was  designed  for  the  transmission  of  al)out  600 
horse-power.  And  this,  together  with  the  fact  that,  following  the 
advice  of  very  good  authority — the  latest  authority  at  that  time — 
we  8iKH»(led  many  of  our  belts  to  between  5,000  and  6,000  feet  per 
minute,  led  to  very  sovoro  iind  difticult  conditions  for  our  bearings, 
b(»U^,  and  shafting  tlironglioiit  the  wliolc  mill. 

After  three  years  of  ex])ori(»noe,  wo,  of  course,  finally  ran  the 
mill,  but  in  the  meantime  many  l)earings  were  throwTi  out;  many 
proved  to  be  inadequate  to  their  purposes,  and  at  the  end  of  three 
years  many  were  found  to  be  close  to  the  limit  of  durability  for 
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proper  running.  Namely,  many  of  the  bearings  were  found  to  be 
close  to  the  top  limit  of  speed  and  pressure  advisable  for  an  or- 
dinary, commercial  mill  in  which  the  bearings  do  not  receive  or 
cannot  be  expected  to  receive  very  especial  attention. 

Before  severing  my  connection  with  this  enterprise  I  made  up 
my  mind,  if  possible,  to  get  some  benefit  from  the  shafting  experi- 
ment, and  therefore  I  had  my  friend,  Mr.  Gulowsen,  who  is  pres- 
ent, go  throughout  the  mill  and  note  the  exact  conditions  of  the 
important  bearings  which  were  running  close  to  the  limit^  which 
were  still  heating  a  trifle  and  yet  not  dangerously  heating. 

On  the  accompanying  sheet  will  be  found  the  data  collected  in 
this  way  by  Mr.  Gulowsen  (see  Table  3  with  folders  at  end  of  paper). 

As  a  result  of  this  data  Mr.  Gulowsen  and  the  writer  worked 
out  the  following  formula,  which  we  have  used  successfully  since 
then,  and  I  think  it  is  quite  trustworthy. 

Let  P  =  pressure  on  bearing  in  pounds  per  square  inch  of  pro- 
jected area  of  bearing. 

Let  V  =  velocity  of  circumference  of  bearing  in  feet  per  second* 

Thus  V  X  P  =  400. 

The  above  formula  is  applicable  to  bearings  in  ordinary  shop 
or  mill  use  on  shafting  which  is  intended  to  run  with  the  care 
and  attention  which  such  bearings  usually  receive,  and  gives  the 
maximum  or  most  severe  duty  to  which  it  is  safe  to  subject  or- 
dinary chain  or  oiled  ball  and  socket  bearings  which  are  hah- 
bitted. 

Note  that  it  is  not  safe  for  ordinary  shafting  to  use  cast-iron 
boxes,  with  either  sight  feed,  wick  feed,  or  grease-cup  oiling,  under 
as  severe  conditions  as  the  following: 

P  X  V  =  200. 

Our  formula  has  been  applied  with  pressures  as  high  as  400 
pounds  per  square  inch,  and  accompanying  velocity  of  1  foot 
per  second,  on  the  one  hand,  and  pressures  of  40  pounds 
per  square  inch  and  10  feet  velocity  per  second,  together  with 
many  intermediate  combinations. 

There  is  one  other  matter  regarding  ball  bearings  that  I  will 
speak  of;  I  think  it  should  be  clearly  brought  out,  and  I  do  not 
think  it  has  been  brought  out  as  yet.  It  was  my  good  or  bad  for- 
tune to  be  connected  with  a  bicycle  ball  manufactory  in  Fitchburg, 
Mass.,  for  some  time,  and  many  experiments  were  tried  there 
upon  all  kinds  of  hardened  steel  balls  and  their  bearingSi  and  at 
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that  time  we  endeavored  to  look  up  the  best  practice  throughout 
the  country  in  order  to  advise  our  customers. 

I  would  merely  emphasize  this  one  fact  that  any  data  on  ball 
bearings  running  less  than  two  or  three  years  of  very  continuous 
service  is  apt  to  be  misleading.  Any  experiments  extending  over 
a  few  weeks  are  of  no  account  whatever. 

Of  course,  as  every  one  familiar  with  the  subject  knows,  the 
ball  itself  and  the  bearing  gives  out  through  fatigue  at  the  sur- 
face of  the  ball  or  bearing.  (I  mean,  of  course,  when  the  bearing 
is  properly  constructed.  I  leave  out  the  wretched  construction,  and 
there  is  much  of  it  to  be  found  all  over.)  In  the  best  construction 
the  ball  or  the  bearing  through  long  use,  under  either  too  high 
velocities  or  too  heavy  pressure,  yield  through  surface  fatigue, 
which  in  many  cases  will  only  show  itself  after  from  three  to  five 
years  of  use.  This  fatigue  shows  itself  first  in  a  small  speck  on 
the  ball  or  the  bearing  or  both,  when  the  surface,  having  been 
crushed  or  disintegrated,  flakes  off.  And  this  disintegration  or 
flaking  grows  and  spreads  until  the  ball  or  bearing  goes  out  of  use. 

I  want  to  give  the  warning  that  it  is  certainly  not  safe  to  draw 
any  conclusions  from  any  short  experiments  with  ball  or  roller 
bearings. 

Prof,  A.  L,  Williston, — I  had  hoped  that  in  connection  with 
the  discussion  of  this  subject  of  bearings  that  the  Hyatt  Koller 
Bearing  Company,  of  Harrison,  N.  J.,  would  be  able  to  give  the 
Society  the  benefit  of  their  experience,  but  unfortunately  the  rep- 
resentative whom  they  had  promised  your  programme  committee 
would  be  sent  to  represent  them  was  unable  to  be  present.  I  have 
since  received  from  them,  however,  a  considerable  amount  of  valu- 
able information,  which  T  think  will  bo  of  interest  to  the  Society, 
and  T  therefore  offer  it  as  a  part  of  the  discussion  of  this  subject. 

The  distinctive  feature  of  the  Hyatt  "Roller  Bearings  is  the 
fact  that  it  uses  a  ffexihie  roller,  wliich  is  made  of  a  strip  of  steel 
wound  into  a  coil  or  sprinc:  of  uniform  diameter.  A  roller  of  this 
construction  insures  flexibilitv,  which  in  tnrn  results  in  a  uniform 
distribution  of  the  load  along  it^  lino  of  contact,  both  on  the  roller 
itself  nnd  on  the  surfaces  on  wliich  it  operates.  Tt  also  permits 
any  slight  irregulnritios  in  oitlior  joiimnl  or  box — which  are  al- 
ways likely  to  occur -without  cniising  excessive  pressure.  Another 
interestinir  point  about  this  roller  is  that  it  is  hollow  and  serves, 
in  fart,  as  an  oil  reservoir,  while  the  spiral  interstices  perform 
the  function  of  carrying  the  oil  to  all  parts  of  the  bearing.     The 
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nature  of  th(i  roller,  too,  makes  it  possible  to  not  only  vary  the 
(lianiotcir  of  the  roller  itself,  but  also  the  thickness,  width  and 
character  of  tluj  stock  from  which  the  roller  is  made.  In  this  way 
it  is  possible  to  design  a  bearing  for  any  combination  of  conditions 
encountered.  For  instance,  for  a  very  heavy  load,  a  roller  of 
heavy  stock  can  be  made,  while  for  high-speed  bearing  under  light 
pressure  a  roller  of  light  weight,  made  from  thin  stock,  can  be 
used.  This  makes  it  possible  with  rollers  of  the  same  diameter 
to  have  widely  d liferent  proportions  to  meet  the  various  con- 
ditions of  service. 

Before  giving  any  of  the  results  of  some  of  the  tests  which  have 
been  made  on  these  bearings  I  think  the  Society  would  be  inter- 
ested in  having  given  a  few  of  the  points  in  which  the  makers 
believe  that  the  design  of  their  bearing  is  especially  good. 

First,  the  flexibility  of  the  roller  enables  it  to  conform  closely 
to  the  irregularities  which  are  always  present  in  the  actual  oper- 
ation of  every  bearing. 

Second,  the  flexibility  of  the  roller  permits  an  almost  perfect 
distribution  of  the  load  along  the  entire  length  of  the  roller. 

Third,  the  flexibility  of  the  roller  permits  it  to  adjust  itself  to 
any  slight  inaccuracy  in  alignment  between  the  roller  and  the 
journal,  which,  to  a  greater  or  lesser  extent,  must  always  occur 
in  every  bearing. 

Fourth,  the  uniform  distribution  of  the  load  which  is  possible 
in  this  bearing,  even  though  the  shaft  is  not  mathematically  round, 
|)orniits  it  to  be  used  on  commercial  shafting — ^hardened  and 
gr(»und  journals  not  being  essential.  These  bearings  are  suitable 
for  operation  on  ordinary  surfaces,  exce])t  in  cases  of  extreme 
conditions. 

Fifth,  fho  uniform  distribution  of  the  load  on  the  flexible  roller 
jx'rmits  the  use  of  ordinary  soft  steel  surfaces,  except  under  ex- 
treme conditions  of  load  or  steam. 

Sixth,  the  Tlyatt  P>earin.L^  furnishes  an  ideal  self-oiling  bearing 
with  a  largo  oil  reservoir  in  the  center  of  every  roller,  which  is 
hound  to  work  through  onto  the  surface  of  the  rollers  continuously. 

Seventh,  because  of  the  ilexihility  and  evenly  distributed  load 
on  the  roller,  cuttiuii'  of  the  surfaee  of  either  shaft,  roller  or  box 
is  almost  impossible.  This  lireatly  reduces  the  chances  of  acci- 
deul  to  the  bcarim*',  lessen^  wear,  and  increases  its  durability. 

E'ujhth,  hv  varying  nol  only  the  diameter  and  length  of  the 
roller,  but  also  by  varying  the  width,  thickness  and  character  of 
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stock  from  which  the  roller  is  made,  it  is  possible  to  design  a  bear- 
ing which  will  accurately  fit  almost  any  conditions. 

Ninth,  the  flexibility  of  the  roller  and  the  perfect  lubrication 
insure  a  minimum  coefficient  friction. 

Tenth,  the  fact  that  the  rollers  are  made  in  automatic  machines 
and  do  not  have  to  be  hardened  and  ground,  and  the  fact  that  they 
may  be  used  in  connection  with  ordinary  soft  steel  surfaces,  re- 
duces the  cost  of  manufacture  to  a  point  which  places  it  within 
reach  of  many  commercial  requirements  where  roller  bearings 
otherwise  could  not  be  considered. 

Results  of  Friction  Tests. 

A  test  was  conducted  in  1902  in  one  of  the  shops  of  the  United 
Shoe  Manufacturing  Company  of  Boston.  The  test  was  con- 
ducted by  the  engineering  department  of  this  company  for  the 
purpose  of  determining  the  saving  in  this  type  of  bearing,  before 
deciding  upon  its  adoption  in  new  shops  which  the  company  was 
about  to  erect. 

The  line  shaft  which  was  tested  was  152  feet  long,  2  15-16 
inches  in  diameter,  supported  by  twenty  bearings.  It  is  belt- 
driven  from  one  end  of  the  shaft. 

In  order  to  obtain  a  fair  comparison  between  the  roller  bearing 
and  fho  babbitted  l)earing8  tlie  shaft  was  very  carefully  realigned 
and  releveled.  After  the  first  test  had  been  made,  roller  bearings 
were  then  substituted,  the  sliaft  again  carefully  aligned  and  lev- 
eled, and  the  second  tost  then  made.     The  results  were  as  follows: 

Friction  load  of  main  shaft  only  (all  countershaft  belts  thrown 
off). 

Babbitted  bearings ! 2. 28 hone-power. 

Roller  "       80 

Saving  by  roller  bearings 64.9  per  cent 

Friction  load  of  main  shaft  and  88  countershafts  constantly 
running  (countershafts  in  babbitted  l)earings). 

Main  shaft  in  babbitted  l)earing8 ^  .8.85  hone-power. 

"      "  roller  *'       6.36         " 

Saving  by  mller  bqarings 16.7  per  cent,  of  total. 

In  tlie  same  y<»ar  a  test  was  ctmducted  in  the  shops  of  the  Buf- 
falo, Oloucester  &  Pittsburg  Railroad  at  DuBois,  Pa.,  by  the 
officials  of  the  Westinghouse  Electrical  Manufacturing  Company. 
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The  test  was  made  to  determine  the  friction  in  two-line  shafts — 
one  in  a  boiler  shop  and  the  other  in  a  machine  shop — ^both 
equipped  with  Hyatt  Roller  Bearings.    The  results  are  as  follows: 

Shaft  No.  1.  (Boiler  shop)  170  feet  long,  2}  inches  diameter,  19  hangers, 
speed  158  revolutions  a  minute,  designed  to  transmit  30  horse-power  to  a  12-foot 
bending  roll,  a  bolt  cutter,  a  stay  bolt  cutter,  a  drill  press,  a  tool  grinder,  a  plate 
planer,  a  horizontal  punch,  a  shear  and  punch,  a  6-foot  bending  roll,  a  6-foot 
straightening  roll,  and  a  6-foot  radial  drill. 

Tower  with  all  belts  thrown  off 0.3  horse-power. 

Shaft  No.  2.  (Machine  shop)  ISO  feet  long,  2)  inches  diameter,  22  hangers, 
speed  150  revolutions  a  minute,  designed  to  transmit  30  horse-power  to  23 
machine  tools  of  size  varying  from  a  tool  grinder  to  a  43-inch  lathe. 

Power  with  all  belts  thrown  off 0.7  horse-power. 

In  1898  the  Franklin  Institute  of  the  State  of  Pennsylvania 
made  a  series  of  tests  to  compare  the  friction  of  flexible  rollers 
made  by  the  Hyatt  Roller  Bearing  Company  and  solid  steel  roll- 
ers. All  the  rollers  were  f  of  an  inch  in  diameter  and  10  inches 
long.  The  Hyatt  rollers  were  formed  of  strips  of  steel  ^  inch 
wide  by  ^  inch  thick.  Both  sets  of  these  rollers  were  placed  be- 
tween three  flat  plates^  and  the  whole  set  placed  in  a  testing  ma- 
chine, by  means  of  which  a  vertical  pressure  was  applied.  Fric- 
tion between  the  plates  and  the  testing  machine  prevented  the  top 
and  the  bottom  plate  from  moving,  but  the  middle  plate  was  free 
to  move  on  the  rollers  which  were  placed  above  it  and  below  it 
The  horizontal  force  required  to  cause  the  middle  plate  to  roll 
was  accurately  measured  in  each  case.  The  results  were  as  fol- 
lows: 

„   ^    ,  _  ^       ,,    ,  RK8I8TAN0K  TO  MOTION  OF  PlATX  B. 

ToUl  Pressure  Applied.  ^^^^  ^^^  j^„^^^  ^^^^  g^^^^  g^„^ 

2,000  pounds.  .    9  pounds.  26  pounds. 

3,000  pounds.  17  pounds.  34  pounds. 

Average  13  pounds.  30  pounds. 

Increased  resistance  of  solid  rolls  over  spiral — 131.8  per  cent 
A  series  of  tests  was  made  at  the  Case  School  of  Applied  Sci- 
ence, of  Cleveland,  Ohio,  to  determine  the  coefficient  of  friotion 
and  a  comparison  of  the  Hyatt  Roller  Bearings  with  cast  iron 
bearings.  These  tests  were  conducted  on  a  friction  testing  ma- 
chine, having  an  overhanging  journal  and  a  pendulum,  which 
could  be  weighted,  suspended  from  the  bearings  tested.  The  force 
necessary  to  keep  the  pendulum  in  a  vertical  position  was  meas- 
ured.    Speed  was  480  revolutions  per  minute,  and  the  diameters 


Table  4. 

ToUl  Weight 

COE 

on  Bearings. 

Roller  Bearing! 

Bearings    HJ  inches  diameter. 

64.2 

.0362 

114.2 

.0292 

164.2 

.0256 

214.2 

.0218 

264.2 

.0196 

Bearings  2^'  inches  diameter. 

264.2 

.0345 

Bearings  2^^^  inches  diameter. 

278.8 

.0292 

Bearings  21  f  inches  diameter. 

278.8 

.0488 
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of  bearings  tested  were  1  15-16  inches,  2  13-16  inches,  2  7-16 
inches,  and  2  15-16  inches,  in  both  the  roller  and  the  cast  iron 
bearings.  A  summary  of  the  results  is  given  in  the  following 
table : 


Coefficient  of  Friction. 

Cast  Iron  Bearings. 

.165 
.106 
.116 
.104 
.098 

.1008 

.0765 

.0927 

In  examining  the  results  of  these  tests  it  should  be  noted  that 
the  coefficient  of  friction  for  the  roller  bearings  decreases  rapidly 
in  every  series  as  the  load  per  square  inch  on  the  bearing  increases. 
With  the  cast  iron  bearings  the  coefficient  of  friction  decreases 
as  the  load  iucroases,  but  not  as  rapidly  as  in  the  previous  case. 
It  is  fair  to  assume,  therefore,  that,  if  the  loads  on  the  bearings 
ill  both  cases  were  considerably  increased,  the  coefficient  of  fric- 
tion would  be  smaller  by  appreciable  amount  than  any  of  the 
figures  given  in  the  above  table,  and  also  that  the  difference  in 
favor  of  the  roller  bearings  would  be  greater.  It  should  be  noted, 
also,  that  as  the  size  of  the  shaft  increased  in  diameter  the  load 
per  square  inch  applied  was  less  and  the  coefficient  of  friction 
for  the  roller  bearings  was  correspondingly  increased  in  conse- 
quence. 

A  series  of  tests  was  conducti^l  in  the  Laboratories  of  the  Pride 
Institute,  in  1004,  to  determine  the  comparative  coefficient  of 
friction  of  the  Hyatt  Kollcr  Hc^arings,  cast  iron  bearings,  and 
hronze  Ix^arings.  Thi.^^  scries  of  t(»sts  was  conducted  to  determine 
the  advantage  of  nsin<::  the  Hyatt  Rollers  in  the  hubs  of  the  wheels 
designed  for  a  j>r()p(>s('(l  iiu^lini*  traveling  roadway.  On  account 
of  the  short  length  of  the  hnhs  of  thc^se  wheels  the  bearings  could 
he  mach'  but  4  inches  long.  Th(!  journals  on  which  they  were  to 
run  were  1\  inches  in  diameter.     These  proportions  made  it  im- 


\ 


504  BEAEINGS. 

possible  to  design  a  bearing  which  would  give  the  best  results  so 
far  as  the  coefficient  of  friction  was  concerned ;  and  for  that  rea- 
son the  coefficients  of  friction  given  in  the  following  tables  are 
in  all  cases  somewhat  high.  The  conditions,  however,  were  ex- 
actly the  same  for  the  different  types  of  bearings.  The  compari- 
son between  them,  therefore,  is  fair. 

Tests  were  conducted  at  speeds  varying  from  128  revolutions 
to  585  revolutions  per  minute.  The  lubrication  in  all  tests  was 
with  the  same  grade  of  machinery  oil  which  was  continuously 
fed  to  the  bearings  under  a  head  of  about  one  inch.  This  was 
maintained  by  hand.  A  brief  summary  of  the  results  is  given  in 
the  following  table: 


Table  5. 
Coefficient  of  Friction. 
Hyatt  Roller  Bearings, 


Total  Load. 

130  R.P.M. 

802  R.P.M. 

665R.P.1I. 

1,900  pounds. 

.0114 

.0090 

.0181 

2,700 

.0129 

.0113 

.0177 

3,500 

.0124 

.0109 

.0164 

4,300 

.0124 

.0098 

.0152 

5,100 

.0115 

.0097 

.0135 

5,900 

.0110 

.0104 

.0136 

6,700 

.0105 

.0096 

.0128 

7,500 

.0104 

.0096 

.0132 

8,320 

.0101 

.0094 

.0124 

Average  .0114  .0099  .0147 

Cast  Iron  Bearings.. 


ToUl  Load. 

128  R.P.M. 

802  R.P.M. 

410R.P.M. 

1,900  pounds. 

.0470 

.0457 

.0540 

2,700 

.0481 

.0660 

.0711 

3,500 

.0461 

.0612 

.0676 

4,300 

.0546 

.0644 

.0718 

5,100 

.0578 

.0596 

.0770 

5,900 

.0576 

.0606 

Seiied. 

6,700 

.0607 

.0600 

H 

7,500 

.0662 

.05  1 

a 

8,300 

Seized. 

.0561 

tt 

Average  .0548  .0592  .0683 
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Bronze 

Bearings. 

ToUl^Load. 

iaOB.P.M. 

8iOR.P.M. 

6nR.PJI. 

1,100  pounds. 

.111 

1,900 

.0584 

.0436 

.132 

2,700 

.0567 

.0552 

.175 

3,500 

Seized. 

.0532 

Seized. 

4,300 

.0784 

5,100 

.1002 

5,900 

Seized. 

Average  .0576  .0661  .140 

Another  series  of  tests  was  run  with  a  slightly  smaller  shaft. 
The  shaft  used  in  all  of  the  tests,  the  results  of  which  are  given 
in  the  above  table,  was  1.496  inches  in  diameter,  giving  .002  inch 
clearance  between  the  shaft  and  the  boxes  or  rollers  for  oil.  The 
second  shaft  was  1.494  inches  in  diameter,  giving  50  per  cent, 
more  clearance.  This  smaller  shaft  was  only  used  with  the  roller 
bearing,  as  the  clearance  was  too  much  for  the  most  satisfactory 
lubrication  of  the  solid  boxes. 

With  this  shaft  the  average  coeiRcient  of  friction,  under  con- 
ditions similar  to  those  given  in  the  above  table  and  with  the  same 
range  of  loading  and  speeds,  was  .0044,  or  less  than  ^  of  the  co- 
efficient friction  of  the  larger  shaft. 

A  series  of  tests  was  conducted  at  the  speeds  of  185  and  215 
revolutions  per  minute,  under  considerably  heavier  loading  than 
could  be  used  with  the  solid  boxes,  with  the  results  given  in  the 
following  table: 


TT    ROL 

LER    BeA» 

iNoa, 

Table 
Coefficient 

6. 

OF  Friction  with 

Heavy    Loaim 

186  R.P.M. 
Total  IxMtds.                  Coef.  of  Fric 

m  B.P.1I. 
Total  LomU.                Ooef.ofFrte. 

4,000  pounds. 
7,300 
12,400        " 

.0139 
.0131 
.0106 

3,600  pounds. 
10,800       " 
15,200       " 

.0131 
.0094 
.0091 

17,124 
10,700 

it 
II 

.0089 
.0086 

18,200 
21,900 

.0088 
.0078 

23,500 

u 

.0076 

Avornpo  .0110  .0093 

The  cast   iron  1m>x(»s  seized  the  shaft  at  loads  of  from  1,000 
pounds  to  1,400  iK)unds  per  square  inch  of  projected  area. 
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The   bronze   boxes   seized   the    shaft   at   loads   of   frcna   000 
pounds  to  1,000  pounds  per  square  inch  of  projected  area. 

The  Hyatt  Roller  Bearings,  with  a  load  of  3,942  pounds  per 
square  inch  of  projected  area  on  the  shaft,  gave  a  coefficient  of 
friction  of  but  .0076,  and  continued  to  run  smoothly  without  sign 
of  heating  or  injury  to  the  shaft  Tests  of  the  starting  torqiie 
were  made  under  practically  the  same  conditions  of  loading  09 
that  given  in  Table  I.  for  the  roller  bearings,  and  also  for  tibe 
bronze  boxes  and  for  a  set  of  babbitt-lined  boxes.  The 
of  the  results  of  these  tests  is  given  in  the  following  summary: 


Table  7. 
Summary  op  Results. 

Roller  Bearing    Roller  Bearing    Cast  Iron  Bronze 

Shaft  1.494  Dia.    Shaft  1.496  Dia.     Bearing.  Bearing. 

Average  Coefficient  of 

Friction 0044               .0118  .0608             .1120  .... 

Ratio 1.00  2.69  14.0  25.8 

Starting  Coefficient  of  - 

Friction,  average. .     .0058               .0058         .091  .081 

Ratio 1.00  1.00                15.7  15.3 

The  makers  have  found  from  their  general  experience  that  thfr 
advantages  of  using  roller  bearings  of  the  type  described  aie 
especially  great  when  either  high  speeds  or  heavy  loads  are  enr 
countered.  As  to  the  formula  for  figuring  out  diameters  of  jour- 
nals and  length  of  boxes,  it  may  be  said  that,  generally  spealdiigi 
the  best  results  are  obtained  for  line-shaft  work  up  to  speeds  of 
600  revolutions  per  minute,  when  a  load  of  SO  pouiids  per  square 
inch  of  projected  area  is  allowed.  For  conditions  involving  heavy 
load  at  slow  speed,  such  as  is  encountered  in  crane  and  trade 
wheels,  it  has  been  found  that  a  load  of  500  pounds  gives  the  best 
results. 
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Jack    Shaft    for    Lahob 
Rope  Driyx. 

58  in  .ritch  DlMn. 


7  oA 

280  Revs. 


"U 


II  ft.o  1      k 
aOORov-s. 


10. 


WhksIj  Shatt  for  Lakob 
Rope  Dbitx. 


114  Revs. 


11. 


5i  X  ^     Canvass. 

b()  lbs.  i>er  sq.  in, 
f  4,200 
f  1 .2(K) 
i  3.000 
J>ntact,  frict. 
f  1,450 
r  1 .550 
•  5,400 
254 

'i°  downwards. 
'         4.450 


2.O00 


0.25. 


\  24. 11  in.  diam.,  four  strand 
)  the  Plymouth  Cordage  Co. 
I  462  lbs.  per  rope. 

1  11,100 

4.880 
6.220 


!  2,9(K) 

i    4^  X  ir> 

i  40 

;         5.r» 
k)0.84' 


1^81 


=  .125' 


i80(K>0()0.48 


=  .057 


;    sets    of    ball    and 
'  )illc)w  blocks,    cast 
|k»aso   cup   wore  out 
^rt    time, 
■seded   by   bull    and 

•ibbitted  chain  feed. 

i-<    not     heated     or 
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LOCAL  EXECUTIVE  COMMITTEE. 

Mb.  Nbwbll  Sandbbs,  Chairwum 

Mb.  B.  T.  Bubt,  Secretary 

Mb.  H.  S.  Chambeblain 

Mb.  J.  C.  Guild 

Mr.  W.  H.  Collieb 

Mr.  Wm.  H.  Hume 

Major  U.  C.  Newcomer 

The  fifty-third  meeting  of  the  American  Society  of  Mechanical 
Engineers  was  held  in  the  city  of  Chattanooga,  Tenn.,  on  May  1, 
2,  3,  4,  1906.  The  sessions  for  the  reading  of  papers  and  the  social 
receptions  were  in  the  meeting  hall  of  the  Masonic  Temple,  at 
Seventh  and  Cherry  Streets.  The  hotel  headquarters  were  in  the 
Kead  House.  Members  began  to  arrive  on  Monday  evening  and 
arrived  in  increasing  numbers  on  Tuesday.  Occasion  was  taken 
in  advance  of  the  opening  session  to  visit  points  of  interest  within 
driving  distances  of  the  city. 

The  opening  session  was  called  to  order  on  the  evening  of  Tues- 
day, May  Ist,  in  the  Masonic  Temple,  at  half-past  eight,  by  Mr. 
Newell  Sanders,  Chairman  of  the  T-.ocal  Committee. 

lie  introduced  to  the  in(»eting  the  Mayor  of  the  city,  the  Hon. 
W.  L.  Frierson,  who  made  an  address  of  welcome  having  unusual 
interest  and  significance.  His  point  was  that  each  period  of 
progrciss  had  a  distinguishing  mark.  The  world  had  passed 
through  the  period  of  military  glory,  the  periods  of  excellence  in 
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statesmanship,  in  art  and  in  letters.  The  present  day  is  pre-emi- 
nently the  day  of  inventions  and  mechanical  greatness.  Becognizing 
in  the  Society  the  representatives  of  this  ruling  spirit  of  the 
times,  the  speaker  expressed  himself  as  proud  to  recognize  the 
honor  which  the  presence  of  the  Society  conferred  upon  the 
city.  On  behalf  of  the  manufacturers  and  other  citizens  he  bade 
the  Society  welcome. 

President  Fred  W.  Taylor,  taking  the  chair  of  the  meeting, 
replied  to  the  welcome,  giving  expression  to  what  he  believed  to 
Ixi  the  sentiment  of  the  Society,  that  to  engineers  the  South  was 
a  land  of  promise.  After  the  crushing  poverty  of  forty  years,  and 
its  lessons  of  economy  and  thrift,  had  risen  the  courage,  determi- 
nation, intelligence  and  character  which  had  been  the  inheritance 
of  the  Southern  people,  and  from  which  engineers  were  looking 
for  a  large  industrial  development 

After  notice  from  the  Secretary  concerning  the  conduct  of  the 
meeting,  a  recess  was  ordered  and  an  informal  reception  was 
held  by  the  Mayor  and  the  President 

Second  Session.    Wednesday,  May  2. 

The  second  session  was  called  to  order  at  9.30  on  the  morning 
of  Wednesday,  with  President  Taylor  in  the  chair.  The  Secretary 
presented  the  report  of  the  Tellers  under  the  provisions  of  the 
By-Laws,  as  follows: 

REPORT  OF  tellers  OF  ELECTION. 

The  undersigned  were  appointed  a  committee  of  the  Oouncil 
to  act  as  Tellers  under  By-Laws  6,  Y,  and  8,  to  scrutinize  and 
count  the  ballots  cast  for  and  against  the  candidates  proposed  for 
membership,  in  their  several  grades,  in  the  American  Society  of 
Mechanical  Engineers  and  seeking  election  before  the  Chattanooga 
Meeting. 

They  met  upon  the  designated  day  at  the  ojffice  of  the  Society 
and  proceeded  to  the  discharge  of  their  duty.  They  would  cer- 
tify for  formal  insertion  in  the  records  of  the  Society  to  the  elec- 
tion of  tlie  persons  whose  names  appear  in  their  several  grades  on 
the  appended  list 

There  were  6Y3  votes  cast  on  the  ballot  closing  April  21st,  1906, 
of  which  44  were  thrown  out  on  account  of  informalities.     The 
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Tellers  have  considered  a  ballot  as  informal  which  was  not  en- 
dorsed, or  where  the  endorsement  was  made  by  a  facsimile  or  other 
stamp. 

cuaeles  e.  lucke, 
Wm.  H.  Bristol, 
D.  S.  Jacobus. 


Alexander,  M.  W. 
Andrews,  J.  11. 
Barboza,  A.  S. 
Baum,  F.  G. 
Berna,  G.  E. 
Blatchley,  C.  A. 
Brewer,  A. 
Burlingaine,  Wni.  B. 
Campbell,  G.  MeK. 
Card,  F.  M. 
Carlton,  W.  (J. 
CarstenH,  A.  B. 
Cheney,  N. 
Churchill,  Chas.  O. 
Cuniininjrs,  E.  C. 
Errinj»ton,  F.  A. 
FletiluT,  J.  ]{. 
Flinn,  T.  C. 
Flory.  B.  P. 
Freyn,  H.  .1.  K. 


Members. 

(Jiirdnier,  A.  J.,  Jr. 
Head,  Francis 
Healy,  Fred'k  E. 
Heap,  Kay  D.  T. 
Henistreet,  Geo.  1*. 
Hess,  Henry 
Hosnier,  Amos  G. 
Hulett.  F.  E. 
Johnson,  Edw.  W. 
Kingsbury,  Jere  (i. 
Knisely,  Edw.  S. 
I^me,  Fred'k 
I^mgen,  (ieorge 
Lent,  J^eon  H. 
Lewis,  Win.  Y. 
Livingston,  Kobt.  H. 
Mjinpiina,  Luis  G. 
Mathot,  R.  E. 
Miller,  (Jeo.  H. 
Milne,  James 


Munby,  Ernest  J. 
Norris,  Edson  K. 
Beed,  Fred  M. 
Bicker,  Wm.  W. 
Kiley,  Robt.  S. 
Schwartz,  Carl 
Smith,  Cameron  C. 
Smith,  Otto  T.  R. 
Spruance,  W.  C,  Jr. 
Stimson,  Oscar  M. 
Stout,  R.  Paul 
Timmis,  Walter  S. 
Trotz,  Johan  O.  E. 
Warm  an,  F.  C. 
Weinshank,  Tlieo. 
White,  Wm.  M. 
Wilson,  Nelson  C. 
Wood,  Geo.  R. 
Young,  G.  A. 


PltOMOTlON     TO     KlILL     MEMHEHSHIP. 


Booraeni,  .1.  F. 
Cole,  Ed.  S. 
Dravo.  (Jeo.  P. 
Fergus,  Win.  L. 
Coss,  Fd.  (). 
Havward,  KInier  L, 


Anieck.  11.  W. 
.Mien.  W.  T. 
(howitis.  ('.  K. 
Conard.  W.  IJ. 
Gatli.  A.  L. 
Gonid,  M.  I) 


Dewolf,  E.  C. 


Hobeit,  S.  G. 
Kauj),  Win.  J. 
Morgan,  L.  11. 
Xeuhaus,  F.  A.  E. 
Pryor.  F.  L. 

Associates. 

liaden,  11.  Y. 
Harris.  )lu  M. 
Higgins.  A.  W. 
liutson.  II.  L. 
Kr/.\  jaiinw  sky.  ( ■.  .1. 


Scott,  E.  F. 
Stevens,  Rob.  C. 
Widdicombe,  Robt.  A. 
Young,  .L  Paul 
Young,  Wm.  A. 


Lea,  H.  I. 
Morgan.  Wm.  F. 
Payscni.  'P.  K. 
Shaw.  C.  11. 
Tait,  G.  M.  S. 


Promotion   to   Assoc iates. 

Eberhardt,  11.  J.  Harrington,  H.  G. 
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Adams,  T.  D. 
Allen,  G.  L.,  Jr. 
Appleton,  H.  W. 
Breslove,  J. 
Brigham,  L.  M. 
Burton,  J.  H. 
Conlee,  G.  D. 
Crawford,  C.  C.,  Jr. 
Davoud,  V.  Y. 
Durant,  A. 
Fairchilds,  G.  K. 
Fletmeyer,  L.  H. 
Francisco,  F.  L. 
Gardner,  L.  H. 
Gates,  T.  P. 


Juniors. 

Gerrish,  G.  H. 
Gleason,  G.  H. 
Harman,  J.  J. 
Housekeeper,  Wm.  G. 
Hoy,  A.  Y. 
Huttinger,  W.  R. 
Kennedy,  M.  E. 
Kirk,  G.  E. 
Leonard,  E.  L. 
Lester,  B. 
Lyon,  J.  L. 
Menzl,  L. 
Morley,  R. 
Morrison,  E.  R. 
Moxham,  E. 


Ohle,  E.  L. 
Parson,  C.  H. 
Penney,  R.  L. 
Poison,  J.  A. 
Renner,  R.  B. 
Rice,  G.  W. 
Smead,  W.  H 
Smith,  L.  P.  C. 
Stone,  E.  B. 
Thomas,  J.  0. 
Van  Winkle,  H.  H. 
White,  M.  G. 
Wilkes,  F.  C.  D. 
Williamson,  G.  E. 


1^0  action  was  required  upon  this  report  and  it  became  a  matter 
of  record  for  the  completion  of  the  process  of  election. 

The  Secretary  reported,  also  for  record,  a  change  which  had 
been  ordered  and  approved  by  the  Council  under  the  provisions 
of  Article  C59,  concerning  amendments  to  the  By-Laws.  The 
present  By-Law  B21  reads  as  follows : 

Financial  Administration. 

B  21.  The  Council  at  its  first  meeting  in  each  fiscal  year,  shall  conBider  the 
recommendations  of  the  Finance  Committee  concerning  the  expenditure  neces- 
sary for  the  work  of  the  Society  during  that  year.  The  apportioning  of  the 
work  of  the  Society  among  the  various  Standing  and  other  Committees  shall 
be  on  a  basis  approved  by  the  Council  and  in  harmony  with  the  Constitution 
and  By-Laws.  The  appropriations  approved  by  the  Council,  or  so  much  thereof 
as  may  be  required  for  the  work  of  the  Society,  shall  be  expended  by  the  vari- 
ous Committees  of  the  Society,  and  all  bills  against  the  Society  for  such  ex- 
penditures shall  be  certified  by  the  Committee  making  the  expenditure  and 
shall  then  be  sent  to  the  Finance  Committee  for  audit.  Money  shall  not  be 
paid  out  by  any  officer  or  employe  of  the  Society  except  upon  bills  duly 
audited  by  the  Finance  Committee,  or  by  resolution  of  the  Council. 

The  Council  had  directed  an  amendment  which  should  make 
that  By-Law  read  as  follows :  beginning  with  the  words  "  apprch 
priations  approved  "  to  read : 

"  The  appropriations  approved  by  the  Council  or  so  much  thereof  as  may  be 
required  for  the  work  of  the  Society  shall  be  expended  by  the  Secretary  acting 
as  Business  Manager,  under  the  direction  of  the  various  committees  of  the 
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Society,  and  all  bills  against  the  Society  for  such  expenditure  shall  be  certifled 
by  the  Secretary  and  shall  then  be  sent  to  the  Finance  Ck>mmittee  for  audit. 
Money  shall  not  be  paid  out  by  any  officer  or  employe  of  the  Society  except 
upon  vouchers  duly  audited  by  the  Finance  Committee." 

No  action  was  required  on  this,  as  it  was  reported  for  record 
and  formal  transmittal  to  the  membership. 

The  Secretary,  on  behalf  of  the  representatives  of  the  Society 
upon  tlie  Committee  intrusted  with  the  representation  of  the  So- 
ciety's interest  in  the  building  for  the  Engineering  Societies  at 
No.  29  West  Thirty-ninth  Street,  New  York  City,  the  gift  of 
Mr.  Andrew  Carnegie  to  the  profession,  presented  a  report  of 
progress  respecting  the  construction  of  that  building.  "  At  the 
end  of  April  the  walls  were  up  to  the  thirteenth  floor;  the  floor 
arches  were  practically  all  in,  and  the  steel  work  completed.  The 
electrical  risers  were  in  up  to  the  eighth  floor;  the  heating  and 
ventilating  work  to  the  seventh  floor,  and  the  plumbing  risers  were 
practically  all  in ;  the  boilers  had  been  set,  the  guides  for  the  ele- 
vators were  partly  up,  and  the  metal  lathing  had  been  started  on 
the  fifth  and  sixth  floors;  partition  work  had  been  started  on 
the  eighth  floor  and  the  work  of  the  electrical  wiring  was  to  begin 
this  week.  Within  three  weeks  the  outside  walls  would  be  fin- 
ished and  within  a  month  all  partitions  would  be  in  throughout 
the  building;  the  finished  floors  would  then  be  started  and  the 
plaster  work  well  along.  Three  stories  had  been  erected  in  seven 
days,  which  was  regarded  as  very  creditable  speed." 

This  report  called  for  no  action  beyond  being  made  a  matter 
of  record  of  the  convention. 

Two  invitations  were  received  by  the  Secretary,  one  that  the 
city  of  Charlotte,  N.  C,  should  be  chosen  as  a  place  for  the  next 
spring  meeting,  and  the  other  on  behalf  of  the  Jamestown  Ex- 
position Company,  through  Mr.  11.  St.  G^rge  Tucker,  President, 
that  the  Society  holds  its  meeting  in  1907  in  Norfolk,  Va. 

On  motion  these  two  invitations  were  referred  to  the  Council 
with  power. 

This  completing  the  business  of  the  Secretary's  docket  the  Chair 
called  for  new  busiiK\ss  in  order  at  this  time. 

Projmscd  amendments  to  the  Constitution  were  presented  as 
follows : 

Mr.  Chas.  Wallace  Hunt. — It  has  been  thought  desirable  that 
the  Society  should  change  one  of  the  sections  of  its  Constitution 
by  i>utting  in  an  additional  clause  whereby  the  Council  should  re- 
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ceive  authority  from  the  Constitution  to  appoint  an  Honorary 
Secretary.  The  proposition  to  create  this  office  was  referred  to 
those  members  of  the  Society  who  as  a  Committee  on  Constitution 
and  By-Laws  prepared  the  present  document  under  which  the 
Society  is  at  work,  so  that  the  wording  of  the  proposed  addition 
should  be  in  accordance  with  the  other  parts  of  that  instrument. 
I  have  in  my  hand  the  wording  of  an  amendment  to  present 
under  the  provisions  of  Article  C57,  which  I  present  in  writing 
for  discussion  andt  o  come  up  for  formal  debate  concerning  its 
favorable  consideration  at  the  annual  meeting  in  December.  The 
amendment  is  to  add  to  the  end  of  Section  C38  the  following: 

"  The  Council  may  also  in  its  discretion  appoint  a  person  of  the  grade  of 
Member  to  be  an  Honorary  Secretary  of  the  Society  for  a  term  not  to  exceed 
one  year,  but  he  may  be  reappointed  from  year  to  year.  He  shall  perlomi 
such  duties  as  may  be  assigned  to  him  by  the  Council  which  are  in  conformity 
with  the  Constitution  and  By-Laws,  and  with  or  without  compensation  as  the 
Council  may  direct." 

This  proposed  amendment  is  signed  by  myself  and  Messrs. 
Jesse  M.  Smith,  D.  S.  Jacobus,  George  M.  Basford  and  R  H. 
Soule,  who  were  the  members  of  the  original  committee  on  Con- 
stitution and  By-Laws. 

The  President  called  for  any  discussion  or  modification  which 
might  be  acceptable  to  the  proposers,  but  none  being  presented 
he  announced  that  the  amendment  would  take  the  constitutional 
course  and  come  up  for  consideration  at  the  annual  meeting. 

Mr.  Jesse  M.  Smith  presented  the  following: 

Jesse  M.  Smith, — I  desire  to  offer  an  amendment  to  the  Con- 
stitution looking  towards  the  proposition  to  increase  the  scope  and 
influence  of  the  Society. 

It  has  been  thought  desirable  that  among  the  list  of  Standing 
Committees  there  should  be  one  which  in  constitution  and  appoint- 
ment would  be  similar  to  the  other  standing  committees  of  the  So- 
ciety and  which  should  be  designated  as  the  Research  Committee. 

Such  committee  shall  consist  of  five  members,  the  term  of  one 
expiring  at  the  end  of  each  Society  year,  making  the  committee 
as  a  body  a  permanent  one,  while  changing  in  personnel  from 
year  to  year.  It  is  the  purpose  of  the  members  presenting  this 
proposed  amendment  to  draft  a  set  of  By-Laws  for  the  guidance 
of  this  Committee  along  the  line  of  its  work  which  will  be  pre- 
sented to  the  Council  for  action  and  adoption  under  the  constitu- 
tional provision  made  in  Article  C59.    The  amendment  is  to  add 
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to  Article  045  after  the  words  "  House  Committee  "  the  words 
"Research  Committee."  There  are  many  lines  of  engineering 
in  which  the  Society  ought  to  be  able  to  take  a  significant  part 
and  at  present  the  mechanism  for  doing  work  along  the  lines  of 
research  is  practically  lacking.  This  amendment  is  presented  by 
Messrs.  Jesse  M.  Smith,  C.  W.  Hunt,  G.  M.  Basford,  D.  S. 
Jacobus  and  R.  H.  Soule,  the  same  members  who  presented  the 
previous  proposed  amendment. 

President  Taylor  asked  for  discussion  or  acceptable  modifica- 
tion of  this  proposed  amendment  and  none  being  presented  stated 
that  it  would  take  its  course  under  the  provisions  of  the  Con- 
stitution. 

No  other  new  business  being  presented  the  regular  business  of 
the  programme  was  taken  up. 

The  Committee  on  Standard  Proportions  for  Machine  Screws 
presented  its  report  with  appended  comment  in  printed  form. 
There  being  no  members  of  the  committee  present  the  Secretary 
read  the  printed  paper  by  title  and  also  a  contribution  in  writing 
by  Messrs.  Burlingame  and  Giilowsen. 

It  was  the  sense  of  the  meeting  that  in  view  of  the  absence 
of  the  reporter  for  the  Committee  and  others  who  could  present 
the  Committee's  opinion  on  these  contributions,  that  the  whole 
matter  be  referred  back  to  the  Committee  with  a  request  that  it 
should  make  a  final  report  including  its  comments  on  all  con- 
tributed material  for  action  at  the  annual  meeting  of  the  Society. 

The  report  of  the  Society's  committee,  co-operating  as  an  ad- 
visory body  with  the  Pennsylvania  Railroad  Company  in  conduct 
of  tests  on  locomotives  at  the  Louisiana  Purchase  Exposition  in 
St  Louis  in  1904,  was  presented  by  Messrs.  Goss,  Herr  and  Sague, 
the  Society's  representatives  on  that  advisory  committee.  The 
Rocretary  called  attention  to  the  fact  that  this  advisory  committee 
had  been  created  at  the  request  of  the  railroad  company  and  added 
that  formal  action  of  thanks  and  recognition  to  the  Society  and 
its  committee  had  been  rocoived  upon  the  completion  of  the  work. 

^fr.  E.  T.  Bailey  had  contrihntod  discnssion  of  the  report  in 
writing.  This  matter  waj5  made  a  matter  of  record  in  the  pro- 
ceedinffA  of  the  meeting. 

Messrs.  A.  W.  Moseley  and  T.  L.  Bacon  presented  a  paper  on 
the  "  Effect  of  a  Blow,"  Professor  Tacobiis  called  attention  in 
discussion  to  the  requirement  that  the  method  used  should  be 
extended. 
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The  Secretary,  on  behalf  of  Mr.  James  M.  Dodge,  past-president 
of  the  Society,  presented  a  paper  which  had  been  read  by  Mr. 
Dodge  under  the  title  of  a  "  History  of  the  Introduction  of  a  Sys- 
tem of  Shop  Management"  at  one  of  the  reunions  of  members 
in  New  York  City,  together  with  the  discussion  which  had  been 
elicited  thereon.  Mr.  Henning  contributed  briefly  in  addition  to 
the  printed  discussion. 

Mr.  R.  T.  Stewart  presented  the  results  of  an  elaborate  m- 
vestigation  on  "  Collapsing  Pressures  of  Bessemer  Steel  Lap- 
Welded  Tubes.'' 

Messrs.  Donnelly,  C.  W.  Rice  and  Fred  W.  Taylor  took  part 
in  the  discussion. 

Prof.  Wm.  II.  Bristol  presented  with  illustrations  and  models 
his  paper  on  the  development  of  "  Low  Resistance  Thermo- 
Electric  Pyrometer  and  Compensator."  Mr.  George  H.  Bamis 
took  part  in  the  discussion. 

The  Secretary  read,  on  behalf  of  Mr.  George  B.  Willcox,  a 
paper  on  a  "  New  Liquid  Measuring  Apparatus." 

Thibd  Session.    Thursday,  May  3. 

The  closing  session  for  the  reading  and  discussion  of  papers 
was  called  to  order  at  9.30  on  Thursday  morning.  President  Fred 
W.  Taylor  in  the  chair. 

This  session  had  been  arranged  by  the  Committee  on  Meetings 
to  be  a  session  of  discussion  on  the  problem  of  Water  Wheel 
Governing.  Papers  contributing  treatment  of  this  subject  were 
presented  by  Messrs.  M.  A.  Replogle,  Qeo.  A.  Buvinger,  John 
Sturgess  and  George  J.  Henry,  Jr.  Papers  treating  on  allied 
subjects  were  also  assigned  to  this  session. 

It  had  been  Mr.  Replogle's  wish  to  illustrate  his  paper  by  lan- 
tern slides,  but  the  mechanical  and  electrical  difficulties  introduced 
by  a  change  from  the  direct  current  which  had  been  provided 
for,  to  the  alternating-curreut  which  was  the  only  one  available 
in  the  meeting  hall,  made  this  effort  unsatisfactory. 

The  paper  by  Mr.  Thomas  E.  Murray  entitled  "  The  Improve- 
ment of  the  Tennessee  River  and  Power  Installation  of  the 
Chattanooga  and  Tennessee  River  Power  Company's  Plant  at 
Hale's  Bar,  Tenn.,"  was  presented  by  Mr.  George  A.  Orrok  ia  tlie 
absence  of  Mr.  Murray.  Messrs.  Donnelly,  II.  M.  Lane,  Guild, 
Taylor,  Hunt  and  Hutton  took  part  in  the  discussion,  and  Major 
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Newcomer  of  the  IT.  S.  Engineers  contributed  matter  of  great  in- 
terest on  the  navigation  problem.  In  the  course  of  the  discussion 
the  question  was  raised  whether  the  Society  had  ever  taken  any 
action  in  any  official  or  effective  way  looking  towards  the  preser- 
vation by  the  United  States  Government  of  the  forests  of  the 
country  in  the  relation  of  the  latter  to  the  problem  of  water  flow 
in  the  water-sheds  and  ameliorating  the  difficulties  from  flood. 

The  Secretary,  on  request,  stated  that  no  action  had  been  taken 
by  the  Society  as  a  body,  but  resolutions  passed  in  a  general 
meeting  pursuant  to  an  opinion  that  a  more  effective  way  of 
reaching  legislation  in  cases  that  had  interested  the  Society,  had 
been  by  securing  the  effort  and  influence  of  the  individual  mem- 
ber upon  the  legislators,  rather  than  by  a  mere  transmittal  of 
resolutions  passed  at  a  meeting.  The  legislator  was  much  more 
likely  to  be  influenced  by  well-considered  presentations  from  in- 
dividual members  in  whom  ho  had  confidence,  than  by  the  sort 
of  recommendations  which  could  so  easily  be  secured  from  an 
open  body  such  as  the  assembled  convention. 

The  other  practice  had  been  to  refer  matters  of  this  sort  to 
the  Council  with  a  request  that  that  body  should  consider  the 
wisest  course  to  take  up  the  request  of  the  meeting. 

On  motion,  ^fossrs.  Gantt,  Tiieo  and  Lane  moved  and  seconded 
the  following  preamble  and  resolution: 

"  Whereas,  the  Society  in  session  assembled  at  its  fifty-third  meeting,  May 
3,  IJKK],  has  considered  the  desirability  of  taking  some  action  to  secure  the  pro- 
tection of  the  American  forests  for  the  preservation  of  the  mechanical  water 
powers : 

"  Resolved:  that  a  committee  of  five  be  appointed  by  the  President  to  con- 
sider and  report  to  the  Council  on  the  advisability  of  the  Society  taking  up  in 
a  national  movement  for  the  preservation  of  the  forests." 

The  President  asked  Mr.  Clias.  Wallace  Hunt  whether  there 
was  nnything  in  the  Constitution  of  the  Society  unfriendly  to 
tlie  passage  of  such  a  resolution,  and  the  taking  of  the  proposed 
acticm,  and  on  beinir  advised  that  the  matter  was  entirely  within 
the  linnds  of  the  rouncil  to  do  as  it  seemed  best,  the  resolution 
was  cMrricMl. 

TIic  Sccrelarv  on  behalf  of  Mr.  Wni.  O.  Webber  presented  his 
paper  (►n  ^'  Klliciency  Tests  of  Turbine  Water  Wheels"  with  ap- 
pen<leil  <liscussi(»n. 

Tinder  ^eiu^ral  business,  at  the  close  of  professional  discussion 
the  Secretary  called  attention  of  the  members  to  the  fact  that  the 
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paper  by  Mr.  Thomas  E.  Murray  which  had  been  read  at  this 
session  had  been  presented  in  two  forms. 

A  special  souvenir  edition  had  been  prepared  by  Mr.  Murray 
at  his  own  expense,  in  addition  to  the  contribution  of  the  Societjr, 
in  which  special  edition  he  had  incorporated  much  valuable  in- 
formation concerning  Chattanooga,  together  with  carefully  pre- 
pared illustrative  plates.  It  seemed  fitting  that  the  Society  should 
recognize  this  special  courtesy  which  the  members  were  enjoying 
to  advantage  in  their  use  of  this  special  edition  as  a  guide  to 
Chattanooga  and  asked  that  the  Society  should  pass  a  triple  vote 
of  thanks  to  Mr.  Murray.  Being  duly  seconded  this  resolution,  was 
passed.  ' 

The  Secretary  also  called  attention  to  the  fact  that  the  Soeiely 
had  been  indebted  not  only  to  the  Local  Committee  for  formulat- 
ing the  details  of  the  enjoyable  program  of  the  meeting,  but  certain 
Chattanooga  interests  which  had  cooperated  in  making  the  visit 
of  the  Society  a  pleasure.  He  asked  that  the  Society  should  pass 
resolutions  of  thanks  to  the  Chattanooga  Railways  Company, 
which  was  a  consolidation  of  trolley  and  railway  interests,  to  whose 
courtesy  the  Society  was  indebted  for  privileges  of  free  transpor- 
tation.    The  motion  was  seconded  and  carried. 

The  Nashville,  Chattanooga  and  St.  Louis  Railway  was  to  be 
the  host  of  the  Society  on  its  excursion  on  Friday,  bringing  tbe 
party  back  to  Chattanooga  from  the  work  of  the  navigation  enr 
gineers  and  the  Power  Company,  and  a  vote  of  thanks  should 
be  extended  to  them  for  the  courtesy  of  the  special  train  wjiidli 
they  were  to  provide. 

The  motion  duly  seconded  was  carried. 

The  blanket  resolution  recognizing  the  courtesies  which  had 
been  secured  for  the  Society  by  Mr.  Newell  Sanders  and  his  asso- 
ciates on  the  Local  Committee  was  offered  and  passed  by  a  rising 
vote.  The  Secretary  was  directed  to  transmit  in  the  name  of  the 
Society  a  letter  which  should  embody  the  thanks  and  recognition 
of  the  members. 

Mr.  Jesse  M.  Smith  called  attention  to  the  fact  that  on  tiie 
Local  Committee  were  associated  members  of  other  engineering 
bodies  and  that  their  association  in  the  work  of  the  Local  Cknn- 
mittee  there  had  been  sounded  in  Chattanooga  that  note  of  accord 
and  unity  among  the  various  branches  of  the  profession  which  is 
beginning  to  be  more  far  reaching  and  which  is  the  vibrating 
chord  underneath  the  workings  of  the  building  of  the  Engineering 
Societies  in  New  York  City. 
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The  Secretary  called  attention  also  to  the  invitation  extended 
to  visit  the  plant  of  the  tunnel  company  working  underground 
at  the  foot  of  Lookout  Mountain,  to  bring  the  railroad  through 
the  mountain  and  avoid  the  curves  and  grades  now  necessary  to 
go  around  it.  A  special  party  was  provided  for  the  morning 
of  Friday  in  advance  of  the  regular  excursion  for  that  afternoon. 

EXCURSIONS. 

Those  who  attended  the  Chattanooga  Meeting  were  able  to 
participate  in  the  hospitality  of  our  hosts  and  to  enjoy  the  ex- 
cursions and  entertainments  which  they  had  arranged. 

The  first  of  these  was  to  Lookout  Mountain  on  Wednesday 
afternoon,  the  party  taking  special  cars  from  the  Read  House 
to  the  foot  of  the  incline  road  by  which  the  ascent  to  the  summit 
was  made.  When  the  party  has  assembled  on  Lookout  Point,  a 
short  but  graphic  account  of  the  "  Battle  Above  the  Clouds," 
Missionary  Ridge  and  the  general  campaign  about  Chattanooga 
was  given  by  Hon.  IL  Clay  Evans. 

On  the  evening  of  this  day  the  customary  reception  and  dance 
was  given  by  the  Local  Committee  at  the  Masonic  Hall  and  was 
well  attended. 

Thursday  afternoon  was  devoted  to  a  trip  to  Chickamauga 
i^irk.  The  party  left  the  Read  House  in  special  cars  and  were 
met  at  the  I'ark  by  stages  and  carriages,  where  the  drive  com- 
menced. A  stop  was  made  on  the  drill  grounds  of  the  U.  S.  Army 
Tost,  where  by  the  courtesy  of  the  commander,  Lieut -Colonel 
(Jeorge  F.  Chase,  an  exhibition  drill  was  given  by  the  12th  U.  S. 
(yavalry.  The  drive  was  then  continued  along  the  crest  of  Mis- 
sionary Ridge,  returning  to  Chattanoga,  and  the  hotel  in  time 
to  permit  the  members  to  attend  a  concert  given  by  Mr.  Walter 
Damrosch.  This  lattcT  was  not  on  the  program,  but  was  greatly 
enjoyed,  by  those  who  attended. 

The  last  excursion  was  the  delightful  trip  down  the  Tennessee 
River  in  the  sUmmboat  ^^  Forest."  A  stop  was  made  at  Hale's 
Har  to  permit  an  inspection  of  the  work  Ixnng  done  by  the  power 
(Company,  as  explained  in  the  paper  pn^sented  bv  Air.  Thos.  K. 
Murray.     Th(»  return  trij)  to  Chattanooga  was  by  special  train. 
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No.  1I05.* 

THE  IMPROVEMENT  OF  THE  TENNESSEE  RIVER 
AND  POWER  INSTALLATION  OF  THE  CHAT- 
TANOOGA AND  TENNESSEE  RIVER  POWER  COM- 
PANY AT  HALE'S  BAR,  TENN. 

BY   tUOMAH   K.   MURRAY 

(Menibor  of  the  Society.) 

The  Tennessee  Kiver  is  six  hundred  and  fifty-two  (652)  miles 
long.  It  is  formed  by  the  junction,  four  and  one-half  (4^)  miles 
above  Knoxville  and  one  hundred  and  eighty-eight  (188)  miles 
above  Chattanooga,  of  the  French  Broad  River  which  rises  in  the 
western  part  of  North  Carolina  and  the  Holston  River  which  rises 
in  the  southwestern  part  of  the  State  of  Tennessee. 

Thus  formed,  the  Tennessee  River  flows  in  a  southwesterlv 
direction  across  the  State  of  Tennessee  and  through  the  City 
of  Chattanooga.  Its  general  course  is  parallel  to  the  eastern  slope 
of  the  Cumberland  plateau,  and  it  receives  on  the  way  a  number  of 
important  tributaries.  At  Chattanooga  the  river  inclines  more  to 
the  westward  and  breaks  through  the  range  of  the  Cumberland 
Mountains.  After  ])assing  the  mountains  it  crosses  the  northern 
part  of  the  State  of  Alabama,  flows  past  the  northeast  comer  of 
Mississij)])!,  and  turning  to  the  north  crosses  the  States  of  Ten- 
nessee and  Kentucky,  finally  emptying  into  the  Ohio  River  at 
Taducah,  a  course  of  464  miles.  Together  with  its  principal  tribu- 
tari(»s,  it  forms  a  system  of  internal  waterways  capable  of  being 
navigated  by  steamboats  more  than  thirteen  hundred  (1,300) 
miles.  In  addition  to  this,  its  tributaries  are  still  further  navigable 
l>v  rafts  and  flatlxKits,  for  a  distance  of  more  than  one  thousand 
(1,000)  miles,  makiiii*;  a  svstom  of  navigable  waters  of  about  two 


*  ProHiMitcd  lit  tlio  ('linttanooj^fa  moptinfr  (May,  \90(\)  of  the  Amorican 
Socioty'of  Mrrhnniral  Km^'uhmts,  and  forminp  part  of  Volume  27  of  the  Trans- 
artioiif. 
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thousand  three  hundred  (2,300)  miles  in  length,  with  a  draiiiage 
area  of  about  forty-four  thousand  (44,000)  square  miles.  The 
river  is  navigable  the  entire  year  from  its  mouth  to  Riverton,  Ala- 
bama, a  distance  of  two  hundred  and  twenty-six  (226)  miles.  Be- 
tween Riverton  and  Muscle  Shoals — ^^a  distance  of  sixty-two  and 
one-half  (62^)  miles — the  obstructions  to  navigation  have  been 
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surmounted  by  means  of  canals  with  locks,  so  that  a  ,low-water 
channel  of  five  (5)  feet  depth  is  available  the  entire  year.  From 
Muscle  Shoals  to  Chattanooga — a  distance  of  one  hundred  scTenty* 
five  and  one-half  (175  J)  miles — the  lo w- water  navigation  is  limited 
to  a  draught  of  water  not  exceeding  two  (2)  feet,  and  for  long 
periods  during  high-water  navigation  must  be  entirely  suspended. 
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The  chief  steamboat  commerce  of  the  river  conflists  of  local 
boat  lines  having  headquarters  at  the  principal  towns  along  the 
river,  and  there  is  no  through  traffic  covering  the  entire  system; 
the  longest  r^ular  boat  service  is  between  Chattanooga  and 
Paduoah  when  the  stage  of  water  permits. 

The  total  commerce  of  the  Tennessee  Eiver  amounted  in  the 
calendar  year  of  1904  to  nearly  1,500,000  tons,  valued  at  ap- 
proximately thirty  million  ($30,000,000)  dollars.  Of  this  traffic 
less  than  ten  (10)  per  cent,  was  carried  over  four  hundred  and  fifty 
(450)  miles;  about  fifty  (50)  per  cent,  between  two  hundred 
(200)  miles  and  450  miles,  and  about  twenty  (20)  per  cent,  be- 
tween fifty  (50)  and  200  miles.  The  commerce  on  the  portion  of 
the  river  above  Chattanooga,  in  the  same  year,  amounted  to  over 
500,000  tons,  valued  at  about  four  million  five  hundred  thousand 
($4,500,000)  dollars.  The  commerce  carried  on  the  river  between 
Chattanooga  and  Florence — a  few  miles  above  Riverton^ — in  the 
same  year  amounted  to  about  170,000  TX)ns,  valued  at  seven  million 
($7,000,000)  dollars;  and  the  commerce  between  Florence  and 
Paducah,  in  the  same  year,  amounted  to  870,000  tons,  valued  at 
over  eighteen  million  ($18,000,000)  dollars. 

The  general  characteristics  of  the  river  are  those  of  a  broad 
tranquil  stream  with  a  moderate  current.  The  bottom  is  usually  of 
rock  or  coarse  gravel,  and  its  banks  are  remarkably  firm  and  stable. 
The  river,  as  a  whole,  presents  an  unusual  fixity  of  regimen,  al- 
though while  passing  through  the  mountains  below  Chattanooga, 
a  stretch  of  perhaps  30  miles,  it  assumes  many  of  the  character- 
istics of  a  mountain  torrent  Its  course  is  exceedingly  crooked, 
the  slope  is  excessive,  and,  owing  to  the  narrow  and  congested 
channel,  the  current  is  irregular  and  generally  very  rapid.  With 
the  exception  of  this  stretch  the  navigation  of  the  river  presents 
no  difficulties,  and  from  the  time  of  the  settlement  of  the  country 
it  has  been  one  of  the  regular  highways  of  commerce  for  the  region 
through  which  it  flows.  The  navigation  of  this  "  Mountain  Sec- 
tion," however,  is  quite  difficult  and  uncertain.  At  low  water,  on 
account  of  the  rapids,  it  shows  many  obstructions,  while  at  high 
water  it  is  dangerous  on  account  of  the  velocity  of  the  current  and 
of  the  eddies  and  whirlpools  caused  by  its  irregular  and  con- 
tracted cross-section  and  its  excessive  flow. 

Between  Chattanooga  and  Shellmound — a  distance  of  thirty- 
nine  (31))  miles  by  the  river — there  are  ten  (10)  shoals  at  which 
the  low-water  channel  depth  is  less  than  three  (3)  feet,  and  five 
(5)   natural  obstructions  at  which,  although  sufficient  depth  is 
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CHARACTEIRISTIC  CROSS  SECTIONS 
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found,  navigation  is  difficult  and  somewhat  dangerous  at  nearly 
every  stage  by  reason  of  the  contracted  waterway  and  the  swiftness 
of  the  current.  Maps  and  profiles  are  given  showing  the  shape  of 
the  river  and  the  location  of  the  shoals. 

At  the  foot  of  Williams  Island — ten  (10)  miles  below  the  Wal- 
nut street  Bridge  at  Chattanooga — ^the  river  enters  the  Cumberland 
mountains,  and  for  the  succeeding  eight  (8)  miles  it  is  practically 
a  mountain  torrent  of  unusual  dimensions.  Completely  hemmed 
in  by  the  mountains,  it  follows  a  narrow,  tortuous,  and  rocky  chan- 
nel feared  by  steamboat  men  and  others  navigating  the  river. 

The  average  width  of  the  eight  (8)  miles  through  the  mountain^ 
which  may  be  called  the  "  Mountain  Section,"  does  not  exceed  one 
thousand  (1,000)  feet  at  the  level  of  ordinary  high  water,  ranging 
from  seven  himdred  (700)  feet  at  the  "  Pot "  to  fifteen  hundred 
(1,500)  feet  at  "  Savannah  Towhead."  The  full  significance  of 
these  figures  can  best  be  understood  by  recalling  the  fact  that  the 
ordinary  low-water  width  of  the  river,  where  it  is  normal,  is  about 
equal  to  the  high-water  width  above  given.  The  great  variaticm 
from  the  normal  in  the  width,  area  and  form  of  the  cross-sectioiiB 
is  illustrated  by  the  cross-section  plate  which  shows  the  normal 
sections  at  various  places  in  the  river.  The  greatest  engorgement 
takes  place  in  the  vicinity  of  the  "  Suck,"  where  the  range  between 
extreme  high  and  low  water  is  nearly  seventy  (70)  feet.  This 
range  is  reduced  to  sixty  (60)  feet  at  the  "  Pot.''  Between  these 
points  the  fall  is  excessive,  and  the  flow  through  the  narrow  and 
somewhat  uniform  channel  is  similar  in  many  respects  to  that  in  a 
sluiceway.  Below  the  "  Pot "  the  river  widens  out  and  becomes 
practically  normal  at  "  Savannah  Towhead."  From  the  area  of  the 
sections  shown  and  the  estimated  maximum  discharge  at  Ohat* 
tanooga,  the  mean  velocity  of  flow  has  been  calculated  for  the  stages 
on  the  Chattanooga  gauge,  increasing  by  five  (5)  feet  from  zero  to 
extreme  high  water.    These  results  are  given  in  Table  1. 
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TABLE    1. 


Stage 
Chatta- 
nooga 
gauge. 


0. 

5. 
10. 
15. 
20. 
25. 
30 
35. 
40. 
50. 
58. 


Discharge 
c.  f.  8. 
Chatta- 
nooga. 


8,000  I 
28,000  I 
52,000  I 
85,000  I 

120.000  I 

160.000 1 
205,000 1 

50,000  I 
310,000 1 
475,000  I 
700,000  \ 


Area,  in  Square  Feet,  and  Mean  Velocitt,  Feet  per  Sbcond. 


Chatta- 
nooga. 


1.70 
4,710 

2.78 
10,080 

3.33 
15.600 

4.00 
21,300 

4.45 
27,000 

4.97 
32,170 

5.16 
39,720 

5.02 
49,750 

5.11 
60,700 

5.57 
85,200 

6.76 
106,000 


Turab- 

linc 
ShoalH, 


5.33 
1,500 

4.06 
6,900 

4.37 
11.900 

5.09 
16,700 

5.59 
21,470 

6.19 
25,780 

6  64 
30,860 

6.89 
36,280 

7.35 
42,170 

8.86 
53,600 

10.95 
64,000 


Sack 
Point. 


2.34 
3,425 

3.65 
7,675 

4.64 
11,200 

5.88 
14,450 

6.70 
17,900 

7.24 
21,600 

8.27 
24,800 

8.33 
30,000 

9.52 
32,550 

11.42 
41,600 

13.95 
50,130 


The 
'Suck.' 


3.32 
2,410 

5.76 
4,860 

6.60 

7,885 

7. 
11,765 

7.59 
15,825 

7.96 
20,100 

8.38 
24,450 

8.53 
29,3)0 

9.00 
34,450 

10.60 
44,800 

12.92 
54,200 


The 
'Pot.' 


2.82 
3,450 

4.94 
5,670 

6.40 
8,120 

7.74 
10,990 

8.70 
13,780 

9.72 
16,470 

10.80 
19,000 

11.36 
22,000 

12.30 
25,200 

15.25 
31,170 

19  18 
36,500 


Scott 
Point. 


The 
'Pan.' 


4.44 
1,800 

4.25 

6,580 

4.29 
12,110 

4.69 
18,120 

5.19 
23,050 

5.69 
28,120 

6.14 
33,370 

6.59 
37,950  •.>8,650 

6.971    9.34 
44,i80i33,200 


2.90 
2,760 

5.06 
5,530 

6.08 
8,560 

6.91 
12,310 

7.16 
16,780 

7.65 

20,880 

8.30 
24,700 

8.72 


8.07 
58,880 

10.30 
68,060 


11.45 
41,500 

14.42 
48,900 


Savan- 
n«h 
Tow- 
head. 


8.64 
2,200 

8.59 
7,800 

8.50 
14,860 

4.06 
20,926 

4.42 
27,176 

4.75 
88,726 

6.20 
89,426 

6.44 
45,926 

6.64 
54,926 

6.68 
72,260 

8.18 
85.575 


Remaikii. 


(    Mean 


The  difficulties  of  navigation  of  this  "  Mountain  Section ''  weso 
early  brought  to  the  attention  of  the  National  Gtevemment,  and 
as  far  back  as  1830  the  first  attempts  at  improving  the  channel  of 
the  river  were  made.  The  proposed  improvements  in  this  case 
amounted  only  to  the  obtaining  of  a  low-water  channel,  having  a 
depth  of  about  two  feet,  high-water  navigation  of  the  ^^Mountain 
Section  "  at  that  time  being  practically  impossible.  This  portion 
of  the  river  has  been  examined  and  reported  upon  a  number  of 
times  by  the  United  States  Engineer  Officers;  the  first  report  was 
made  by  Colonel  Long  in  1830.  The  next  report  was  by  Colonel 
McClellan  in  1853,  and  other  reports  were  made  in  1854,  1868^ 
1890,  1892  and  1898.  In  all  of  these  reports  it  has  been  generally 
conceded  that  the  obstructions  to  navigation  offered  by  the  "  Monn- 
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tain  Section  "  were  the  most  serious  of  any  to  be  found  upon  the 
river  from  Knoxville  down.  Colonel  Long  in  his  report  outlined 
a  plan  for  the  improvement  of  the  '*  Mountain  Section/'  although 
the  degree  of  improvement  which  he  souglit  to  obtain  was  exceed- 
ingly moderate.  It  appeared  to  have  reference  to  a  depth  of  two 
feet  at  low  water,  and  it  was  expected  that  ascending  boats  would 
make  use  of  ropes  and  be  warped  through  the  swift  water  of  the 
"  Mountain  Section."  The  other  reports  submitted  have  generally 
proposed  to  carry  the  improvement  a  little  further,  to  remove  a 
greater  number  of  boulders,  to  dredge  a  little  deeper  through  cer- 
tain bars  and  points,  and  in  some  cases  to  attempt  to  diminish  the 
high-water  velocity  by  cutting  trees  and  removing  boulders  from 
the  sides  of  the  high-water  channel.  These  plans  have  gradually 
been  carried  out  from  time  to  time,  as  money  was  available  for  the 
purpose.  In  all  about  $150,000  has  been  expended  by  the  govern- 
ment upon  this  portion  of  the  river  in  the  construction  and  main- 
tenance of  the  various  works  for  channel  improvement.  As  a 
result,  navigation  through  the  "  Mountain  Section  "  is  somewhat 
less  dangerous  than  it  was  originally,  and  it  is  also  less  difficult  at 
the  stages  at  which  the  channel  can  be  used.  However,  the  season 
of  navigation  has  not  been  materially  lengtliened  by  all  the  work 
which  has  been  done,  and  navigation  through  the  "  Mountain  Sec- 
tion "  is  still  entirely  suspended  at  extreme  low  water,  and  the 
period  of  suspension  is  still  very  long.  Navigation  through  the 
"  Mountain  Section  "  is  generally  considered  unsafe  for  any  boat 
of  sufficient  size  to  be  useful  for  the  purposes  of  commerce  when  the 
river  falls  below  a  3-foot  stage  by  the  Chattanooga  gauge,  and  the 
records  would  indicate  that  there  is  an  average  suspension  of  navi- 
gation on  the  river  for  at  least  three  months  out  of  every  year,  and 
til  is  suspension  occurs  in  the  late  fall  and  early  winter,  at  the  time 
when  the  navigation  of  the  river  would  be  most  useful  and  most 
advantageous. 

In  1891-1892  an  examination  was  made  of  the  reach  of  the 
"  Mountain  Section,"  under  the  direction  of  O.  W.  Goethals,  Corps 
of  Engineers,  U.  S.  A.,  during  the  course  of  which  the  velocity  of 
the  curroTit  in  the  channel  was  measured  at  most  of  the  points  given 
above  for  six  stages.  The  results  of  these  observations  are  given  in 
Tabl(^  2.  The  velocities  given  in  the  tables,  while  thev  represent 
in  one  case  the  mean  conditions  of  the  whole  section,  and  in  the 
other  the  actual  conditions  at  the  point  of  observation,  do  not 
always  give  an  adequate  idea  of  the  difficulties  of  navigation  at  the 
points  mentioned,  on  account  of  the  complications  caused  by  the 
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TABLE   2. 

Showing  Observed  Velocities  at  Various  Stages  and  Locations  im 
"  iMouNTAiN  Section." 


Chaitaiiuuga  (jiuugc 

5.0U 

7.50 

b.fiO 

9.50 

16.60 

89.00 

TumbliDg  Shoals 

7.50 

7.65 

10  90 

7.40 

6.15 

8.15 

11  05 

'i6'50 
9.05 

"8'45 
11.65 

6.20 

9.30 

11.45 

11. 75 

7  10 

7.90 

9.75 

10.00 

i6!l6 

18.00 

7.0C 

7.10 

Suck  Point 

10.50 

The  "Suck" 

Suck  Shoalrt       

n.20 

Richies  Point 

18.40 

The  "Pot" 

9.30 
10.15 

15  00 

The  "Skillet" 

7.S5 

formation  of  whirlpools  and  eddies ;  for  instance :  The  table  shows 
the  highest  velocities  at  the  ^'  Pot  "  and  it  is  natural  to  expect  to  aa- 
counter  there  the  greatest  difficulties,  whereas  it  is  claimed  by 
steamboat  men  that  both  the  "  Suck  "  and  ''  Suck  Point "  are  more 
dangerous  and  difficult  to  pass  at  high  stags. 

At  low  water  the  fall  is  governed  by  the  longitudinal  profile 
of  the  river  bed,  and  is  consequently  concentrated  at  the  flhoak 
and  other  obstructions  where,  in  some  instances,  for  a  limited  dis- 
tance, it  amounts  to  more  than  one  (1)  foot  in  one  hundred  (100) 
feet.  The  total  fall  of  extreme  low  water  between  Chattanooga  and 
Shellmound  is  thirty-four  (34)  feet.  This  naturally  divides  itself 
into  four  (4)  reaches  with  comparatively  uniform  fall,  as  follows: 

Cliattauooga  to  Tumbling  Shoals 10    milt-s;  1 1 .94  feet  ffdl 

Tumbling  ShoaLs  to  Scott  Point 7.5     '*  14.8       "        «• 

Scott  Point  to  Kelly s  Ferry 5.i     "  3.6       "        •• 

Kellys  Ferry  to  Shellmound 16.1     "  3.8      "        *• 

Total . .     38.8.miles:i  34. 14, feet  fall 

The  high-water  fall  is  largely  controlled  by  the  contracted  see- 
tions  in  the  mountains,  and  may  be  divided  into  three  reaches 
over  which  the  fall  is  nearly  uniform,  as  follows : 

Chattanooga  to  the  "  Suck  " 12.7  miles;      7.8  feet    fall 

The  "  Suck  ••  to  Kellya  Ferry 10  "        25.8     "        " 

Kellys  P'erry  to  Shellmound. 16.1       "         13.5     '*        *• 

Total 38.8_mileB;    47.1-feetJall 

Because  the  river  is  confined  in  a  deep,  narrow  and  crocdsed 
canyon  in  the  mountains,  and  because  its  fall  through  this  ^anjrOBi 
is  excessive,  it  was  seen  that  the  limit  of  improvement  by  chanuGl 
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work  had  practically  been  reached,  and  in  1890  the  Board  of  En- 
gineers, which  was  appointed  to  consider  the  improvement  of  the 
^'  Suck/'  a  name  which  is  sometimes  applied  to  the  wliole  of  the 
^^  Mountain  Section/'  and  sometimes  is  limited  to  only  one  of  the 
obstructions,  reported  that  the  only  complete  and  practical  im- 
provement of  this  section  of  the  Tennessee  River  would  be  by  the 
construction  of  canals,  or  by  arrangements  for  slack-water  naviga- 
tion, but  they  report  further  that  the  great  expense  of  slack-water 
navigation  rendered  it  unworthy  of  consideration  at  tiiat  time. 
Since  that  time  the  project  of  slack-water  navigation  of  the 
'^  Mountain  Section ''  has  been  repeatedly  taken  up,  and  a  num- 
ber of  proposals  have  been  made  by  the  government  In  1900  the 
government  engineers  reported  on  a  system  of  slack-water  navi- 
gation, which  they  estimated  would  cost  in  the  neighborhood  of 
one  million  dollars. 

In  planning  a  system  of  slack-water  navigation  for  the  "  Moun- 
tain Section  "  a  very  serious  difficulty  is  met  with  at  the  outset, 
and  that  is  the  enormous  flood  height  which  the  river  occasionally, 
although  at  rare  intervals,  attains  in  this  particular  place.  As 
before  stated,  the  banks  of  the  river  rise  rapidly  from  the  low- 
water  channel.  There  is  no  flood  plain,  so  that  even  at  the  highest 
stages  the  surface  width  of  the  river  in  some  places  in  the  "  Moun- 
tain Section  "  is  not  more  than  1,000  feet,  although  this  does  not 
exceed  its  average  low-water  width  at  and  above  Chattanooga.  The 
consequence  is  that  in  time  of  flood  there  is  an  engorgement  of  the 
waters  at  this  narrow  point,  and  the  water  is  backed  up  and  held 
as  by  a  dam  until  it  has  been  known  to  attain  a  height  in  the 
mountains  of  70  feet  above  its  ordinary  low-water  leveL  This  en- 
gorgement ponds  the  water,  and  diminishes  the  high-water  slope 
for  many  miles  above  Chattanooga.  It  is  true  that  such  excep- 
tional flood  heights  are  of  very  rare  occurrence,  only  one  authentic 
record  of  such  a  flood  being  in  existence. 

At  such  extreme  floods  down  along  the  river  the  banks  are 
generally  inundated,  bottom  lands  are  all  overflowed,  the  land- 
ings are  under  water,  and  it  is  a  matter  of  indifference  whether 
navigation  is  possible  or  not  It  would  seem,  therefore,  unwise 
and  unnecessary  to  attempt  to  provide  safe  and  easy  navigation  for 
such  extrome  and  exceptional  floods.  The  most  difficult  problem 
prosontod  for  solution  in  connection  with  the  installation  of  a  sys- 
tem of  fllaok-wator  navigation  has  been  the  determination  of  the 
"  giiard  "  for  the  locks ;  that  is,  the  height  that  the  lock  must  have 
above  the  dam  in  order  that  it  may  continue  in  use  until  the  dam 
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is  80  completely  submerged  that  vessels  may  safely  and  easily  pass 
over  it 

Owing  to  the  very  narrow  water  way  in  the  "  Mountain  Sec- 
tion," and  to  the  great  velocity  of  water  at  high  stages,  it  seems 
doubtful  if  any  dam  of  useful  height  would  be  submerged  at  any 
stage  of  the  river,  and  it  would  therefore  be  necessary,  in  order 
to  insure  an  entirely  uninterrupted  navigation  at  every  conceiv- 
able stage  of  the  river,  to  construct  locks  which  could  be  operated 
at  all  stages,  and  this  would  involve  a  height  of  walls  and  of  gates 
that  would  render  the  cost  excessive.  The  alternative  is  to  admit 
of  a  possible  suspension  of  navigation  during  the  time  of  great 
floods,  knowing  these  periods  of  suspension  must  be  short  and  of 
rare  occurrence. 

An  examination  of  the  hydrographs  from  1875  to  1900  shows 
that  if  the  stage  of  35  feet  on  the  Chattanooga  gauge  ii3  assumed 
as  the  limiting  height  beyond  which  it  will  not  pay  to  attempt 
to  provide  navigation,  then  in  the  past  25  years  there  would 
have  been  17  suspensions  of  navigation,  amounting  in  the  aggre- 
gate to  85  days  or  a  little  more  than  3  days  per  annum. 

Records  show  that  there  were  actually  2,317  days  during  which 
navigation  even  for  very  light  draught  boats  was  suspended,  and 
probably  quite  as  many  more  days  when  it  was  attended  with 
difficulties  and  dangers  that  a  slack-water  improvement  would  have 
entirely  obviated.  During  this  period  of  25  years  there  were  12 
years  in  which  the  height  of  35  feet  on  the  Chattanooga  gauge 
was  not  reached  at  all. 

Thirty-five  feet  on  the  Chattanooga  gauge  was,  therefore,  as- 
sumed as  the  height  up  to  which  it  must  be  possible  to  operate  A*^ 
locks.  Having  fixed  upon  tJhis  height,  a  number  of  different  plans 
were  considered :  A  plan  to  improve  only  the  worst  part  of  the 
"  Mountain  Section  "  by  a  dam  which  would  back  the  water  up 
over  Tumbling  Shoals ;  a  plan  to  improve  the  entire  reach  from  the 
"  Skillet "  to  Chattanooga  by  a  higher  dam ;  a  plan  considering  a 
site  near  the  Savannah  Towhead  for  a  lock  and  dam  to  accomplish 
either  of  the  above  purposes;  the  plan  finally  reported  heing  a 
single  lock  and  dam  in  the  vicinity  of  the  "  Skillet,"  tlw  dam 
to  have  such  a  height  that  it  would  back  the  water  up  to  Chattanooga 
and  to  secure  at  the  lowest  stages  a  navigable  channel  not  less 
than  5  feet  in  depth  for  ihe  entire  distance,  and  to  use  witSi  thb 
dam  a  single  lock,  the  walls  and  gates  of  such  height  that  it  could 
be  used  until  the  river  reacfhed  a  stage  of  35  feet  on  the  Ohatta- 
nooga  gauge. 
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As  might  be  expected  in  a  place  where  the  river  has  cut  its 
way  down  1,000  feet  through  rock  of  varying  hardness,  the 
bottom  of  the  river  is  not  composed,  as  a  rule,  of  solid  rock,  but 
is  made  up  of  boulders,  gravel  and  drift,  so  that  considerable  dif- 
ficulty was  experienced  in  finding  a  suitable  foundation  for  a  lock 
and  dam.  The  locality  known  as  "  Scott  Point "  was  finally 
selected,  and  after  several  hundred  borings  it  was  finally  demon- 
strated that  a  suitable  rock  foundation  at  a  reasonable  depth  could 
be  had  both  for  the  lock  and  the  dam. 

The  work  proposed  in  the  report  of  1900  consisted  of  a  lock 
of  cut-stone  masonry,  65  feet  wide  in  the  clear  and  300  feet  long 
between  hollow  quoins.  The  dam  was  to  be  constructed  oi  heavy 
timber  cribs  filled  with  stone,  the  crest  of  the  dam  to  be  perpendicu- 
lar with  the  general  direction  of  the  current,  and  to  be  horizontal 
and  straight,  the  deck  to  slope  do^vnward  each  way  from  the  crest 
at  a  slope  of  two  to  one. 

About  this  time,  some  of  the  business  men  in  Chattanooga,  who 
had  been  following  the  progress  of  the  development  of  water  power 
in  various  parts  of  the  country,  conceived  the  idea  that  these 
works  for  the  amelioration  of  the  traffic  conditions  on  the  Tennessee 
River  might  be  made  to  pay  for  themselves,  by  the  conversion  of 
the  water  power  generated  at  the  dam  into  electrical  energy;  and 
the  whole  matter  was  taken  up  with  a  great  deal  of  earnestness, 
notably  by  C.  E.  James  and  J.  C.  Guild.  The  scheme  was  ex- 
amined in  all  its  bearings,  especially  as  to  its  influence  on  the 
development  of  the  industrial  situation  in  Chattanooga,  and  the 
aid  of  the  Honorable  John  A.  Moon,  congressman  from  that  dis- 
trict, was  enlisted  to  obtain  the  necessary  legislation. 

These  efforts  culminated  in  an  Act  of  Congress  approved  April 
26,  1904,  which  authorized  the  Secretary  of  War  to  grant  per- 
mission to  the  City  of  Chattanooga  to  build  and  construct  a  lode 
and  dam  across  the  Tennessee  River  at  Scott  Point,  near  Chat- 
fcanooga,  Tennessee,  under  his  direction  and  control,  in  accordance 
with  plans  and  designs  made  by  Major  D.  C.  Kingman,  Corps  of 
Engineers,  United  States  Army.  This  act  also  provided  that  if 
the  City  of  Chattanooga  should  fail  within  four  (4)  months  from 
the  date  of  the  passage  of  the  act  to  notify  the  Secretary  of  War 
of  its  intention  to  construct  the  lock  and  dam,  then  the  Secretary 
of  War  was  empowered  to  offer  the  franchise  to  C.  E.  James  and 
J.  C.  Guild,  residents  of  Chattanooga,  Tennessee,  for  a  further 
period  of  eight  (8)  months,  and  failing  to  contract  with  them,  to 
contract  with  any  private  corporation,  company,  firm,  or  business. 
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for  the  construction  of  the  lock  and  dam  on  the  terms  and  in  the 
manner  provided.  The  parties  obtaining  the  franchise  were  to 
construct  the  lock  and  dam  at  their  own  expense,  acquiring  the 
land  that  might  be  necessary  for  that  purpose.  The  United  States 
was  to  furnish  the  machinery  for  the  lock,  but  the  power  for  the 
operation  of  the  same  was  to  be  furnished  by  the  company.  And 
it  was  further  provided  that  the  utilization  of  power  by  means  of 
the  dam  was  not  to  interfere  with  the  flow  of  water  or  the  navi- 
gation of  the  river. 

The  City  of  Chattanooga  failed  to  take  advantage  of  the  op- 
portunity; but  Messrs.  James  and  Guild,  seeing  the  advantages 
that  would  accrue  to  themselves  and  their  associates,  organized 
the  Chattanooga  and  Tennessee  River  Power  Company  to  under- 
take this  work,  with  Mr.  A.  N.  Brady  as  the  leading  spirit  of  the 
financial  group.  The  active  interest  of  Mr.  A.  N.  Brady  in 
industrial  enterprises  of  this  character  and  his  appreciation  of 
their  possibilities  has  made  feasible  the  development  of  many 
similar  undertakings;  he  had  associated  with' him  as  his  technical 
advisers  in  this  work  Mr.  John  Bogart  and  the  author  of  this 
paper.  The  Chattanooga  and  Tennessee  River  Power  Company 
then  entered  into  contract  with  the  United  States  Gbvemment  for 
the  construction  and  maintenance  of  the  works. 

The  question  to  be  considered  by  Major  Eingman  when  deciding 
upon  a  location  for  a  lock  and  dam  was  one  of  economy;  and  a 
location  which  while  giving  ample  navigation  facilities  would 
require  the  smallest  expenditure  of  funds,  was,  therefore,  the  one 
to  be  sought,  and  it  was  found  at  Scott  Point  When,  however. 
Congress  passed  an  act  allowing  private  parties  to  build  the  lock 
and  dam,  in  return  for  the  use  of  the  water  power  for  ninety-nine 
years,  a  different  aspect  was  put  upon  the  case,  and  the  paramount 
question  was  not  economy.  Provided  that  the  interests  of  naviga- 
tion were  fully  safeguarded,  it  was  desirable  to  locate  the  works 
lower  down  the  river  and  get  the  benefits  of  the  extra  fall  in 
such  distance.  The  use  for  ninety-nine  years  of  the  extra  power 
so  gained  would  far  more  than  compensate  for  the  extra  cost  of 
tho  structures,  due  to  increased  height 

Tho  original  act  of  Congress  in  relation  to  this  construction 
fixed  the  location  of  the  dam  and  lock  at  Scott  Point,  about  16 
inil(»s,  along  tho  course  of  the  Tennessee  River,  below  the  City  of 
Clmttiuiooga.  A  study  of  the  conditions  affecting  the  river,  par- 
ricnlarly  in  the  higher  stages  of  flow,  showed  that  the  head  upon  the 
turbines  would  be  greatly  decreased  as  the  river  rose.    This  would 
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be  caused  by  the  fact  that  below  Scott  Point  there  occur  several 
narrow  passes  which  in  flood  stages  set  the  water  back  to  such  an 
extent  that  with  a  dam  giving  a  head  of  over  35  feet  at  low  stages 
there  would  be,  at  a  flood  of  25  feet,  only  about  17  feet  head 
on  the  wheels.    Also  that  at  the  time  of  a  flood  of  35  feet,  which 
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occasionally  occurs,  the  head  would  be  reduced  to  about  12 
and  that  at  a  stage  of  40  feet,  which  may  occur,  the  head  would 
be  only  10  feet.  The  difficulties  of  securing  a  satisfactory  develop- 
ment under  these  conditions  were  so  great  that  after  represeata- 
tion  of  the  facts  to  the  authorities  at  Washington  an  act  was  passed 
by  Congress  (approved  January  7,  1905)  authorizing  the  looation 
of  the  dam  at  such  other  point  or  place  in  the  mountain  section 
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of  the  river  below  Scott  Point  as  the  Secretary  of  War  might  ap- 
prove. 

A  location  was  then  studied  at  Kellys  Bar,  5^  miles  below 
Scott  Point.  This  was  found  to  be  a  favorable  place  for  the  con- 
struction of  the  requisite  works,  but  there  being  still  a  number 
of  narrow  places  in  the  river  below,  the  hydraulic  conditions,  while 
better  than  at  Scott  Point,  were  not  satisfactory. 

A  location  was  finally  found  at  Hale's  Bar,  33  miles  below 
Chattanooga,  which  is  satisfactory  from  all  points  of  view.  The 
foundations  for  all  structures  are  on  solid  rock,  the  river  at  tliis 
point  leaves  the  mountain  gorge  and  enters  upon  a  wide  valley, 
so  that  the  backing  up  of  flood  waves  is  much  less  than  at  points 
above.  The  head  on  the  turbines  at  low  water  will  be  39i  feet 
At  a  flood  of  25  feet  there  will  be  27  feet  head,  and  at  a  flood 
of  35  feet  there  will  be  21 J  feet  head,  and  at  a  stage  of  40  feet 
the  head  would  still  be  about  19  feet,  thus  assuring  a  large  con- 
tinuous output  of  power  under  all  conditions  of  flow. 

It  has  also  been  found  practicable,  with  the  sanction  of  the  Gov- 
ernment, to  make  the  crest  of  the  dam  higher  at  this  point  than 
at  the  other  places  studied.  The  increased  pool,  extending  to 
Chattanooga,  gives  very  desirable  and  satisfactory  storage  for  use 
in  regulating  power  at  times  of  low  flow  and  also  affords  good 
navigation  at  several  bad  points  not  improved  by  constructions  at 
the  other  locations.  The  Scott  Point  lock  was  to  be  of  cut  stone 
masonry,  and  the  dam  of  timber  cribs  filled  with  stone.  The  Hale's 
Bar  lock  is  designed  to  be  of  concrete;  the  dam  also  is  to  be  of 
concrete,  as  being  more  durable  and  water-tight.  The  natural  fall 
in  the  river  at  low  water  between  Scott  Point  and  Hale's  Bar  is 
five  feet,  and  the  crest  of  the  dam,  as  now  designed,  is  six  and 
one-half  feet  higher  than  the  Scott  Point  design,  giving  an  extra 
head  of  eleven  and  one-half  feet  at  extreme  low  water.  With  a 
discharge  of  5,000  cubic  feet,  this  means  that  the  present  plan  will 
deliver  at  Chattanooga  about  5,000  horse-])owor  more  than  the  old 
plan  and  location. 

Tlie  lock  and  dam  were  designed  under  the  direction  of  Major 
H.  C.  NewTomer,  Corps  of  Engineers,  TT.  S.  A.,  by  John  M.  G, 
Watt,  Principal  Assistant  Engineer.  The  concern  of  the  (Jovem- 
ment  being  only  the  conservation  or  improvement  of  the  naviga- 
bility of  the  river,  it  required  that  only  the  lock  and  dam  be  de- 
signed by  the  engineer  officer  in  charge  of  the  Tennessee  River; 
the  power  house  and  all  appurtenances  for  developing  the  water 
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power  were  to  be  designed  by  the  grantees^  subject^  howeirer,  to  the 
approval  of  the  Secretary  of  War. 

The  designs  for  the  power  plant  have  been  developed  by  John 
Bogart,  C.  £.^  who  had  many  novel  features  to  encounter  and 
diiiiculties  to  overcome^  the  chief  being  how  to  deliver  not  less 
than  a  certain  fixed  minimum  of  power  every  hour  in  the  year, 
irrespective  of  the  stage  of  the  river.  In  this  connection  I  cannot 
do  better  than  quote  the  words  of  Mr.Bogart:  "The  difficult 
hydraulic  problem  in  the  development  of  this  power  arises  from 
the  variations  in  volume  of  flow  and  in  head  upon  the  turbine 
wheels.  The  variation  in  volume  runs  from  about  6,000  cubic  feet 
per  second  up  to  255,000  cubic  feet  per  second,  with  the  probability 
of  an  occasional  flood  reaching  a  volume  of  320,000  cubic  feet  per 
second.  Once  during  the  past  twenty  years  there  was  an  un- 
precedented flood  with  a  volume  of  possibly  600,000  cubic  feet  per 
second ;  the  duration  of  this  was  brief. 

"A  rather  general  statement  is  that  for  an  approximate  average 
period  of  about  two  months  of  a  year  the  flow  will  be  between 
8^000  and  16,000  cubic  feet  per  second;  for  about  four  months 
between  12,000  and  59,000 ;  for  about  four  months  between  16,500 
and  59,000;  for  about  two  months  between  21,500  and  92,000 
cubic  feet  per  second.  The  successful  operation  of  the  generators 
which  transform  the  water  power  into  electrical  current  requires 
that  the  speed  shall  be  sul^tantially  constant  at  all  times.  If 
the  variations  in  volume  and  head  were  not  greater  than  those 
found  it  would  not  be  difficult  to  secure  this  uniformity  of  speed. 
But  the  volume  of  flow  has  in  the  past  and  probably  will  in 
the  future  be  at  times  less  than  8,000  cubic  feet  per  second,  and 
this  low  flow  may  continue  for  a  number  of  consecutive  days,  pos- 
sibly for  several  consecutive  weeks.  To  insure  commercial  success 
in  the  enterprise  it  is  necessary  that  the  electrical  output  should 
continue  during  this  period.  Therefore,  the  rate  of  speed  of  the 
turbine  must  continue  uniform,  and  as  the  volume  is  limited  the 
turbines  must  be  designed  to  secure  the  highest  efficiency  during 
these  periods  of  low  flow,  and  it  is  also  important  that  the  head 
ui)on  the  wheels  should  then  be  as  great  as  is  in  any  reasonable 
way  practicable. 

"  It  is  also  the  fact  that  there  have  been  and  doubtless  will  be 
periods  when  the  volume  of  flow  is  considerably  greater  than 
the  92,000  cubic  feet  per  second,  which  is  the  ordinary  high-water 
flow.  The  flow  has  frequently  exceeded  thai  volume  for  many 
consecutive  days;  157,000  for  a  week;  189,000  for  a  similar 
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period  j  and  the  volume  has  reached  320,000  more  than  once.  Each 
of  these  additions  of  volume  involves  a  reduction  of  head  which 
will  be  lowered  to  less  than  18  feet  when  these  larger  flows  occur. 
To  secure  a  uniformity  of  speed  and  a  regular  output  of  power 
under  these  conditions  I  have  found  it  necessary  to  design  a  third 
turbine  wheel  upon  the  shaft  on  which  the  two  turbines  will  be 
fixed  for  the  lower  volumes.  This  third  wheel  will  be  adapted 
to  the  utilization  of  great  volume  at  the  lower  heads,  there  being 
then  ample  water  which  can  better  be  utilized  through  the  wheels 
than  allowed  to  pass  over  the  dam." 

The  lock  and  dam  will  be  built  of  cyclopean  concrete ;  that  is  to 
say,  large  stones,  say  up  to  ten  tons  weight,  or  larger,  if  the  ma- 
chinery can  handle  it,  will  be  embedded  in  and  completely  covered 
with  concrete  to  a  depth  of  not  less  than  nine  inches;  so  that  the 
body  of  the  structure  is  chiefly  of  uncut  blocks  of  stone,  laid  in 
random  range,  and  separated  from  each  other  in  every  direction 
by  nine  inches  or  more  of  concrete.  This  will  cheapen  the  con- 
struction, and  acually  be  safer  tlian  simple  concrete,  as  it  will  make 
a  heavier  mass,  while  with  ordinary  care  in  laying  it  will  be  just 
as  impermeable. 

The  lock  is  located  on  the  west  or  right  bank  of  the  river.  It 
will  be  built  against  a  rock  bluff,  thus  obviating  any  danger  from 
the  river  cutting  around  during  high  water.  The  dam  will  be 
1,200  feet  long  and  extend  from  the  lock  to  the  power  house.  The 
power  house  will  be  about  200  feet  long  and  will  bo  built  as  a 
continuation  of  the  dam.  The  power  house  will  be  connected  with 
the  left  bank  of  the  river  by  means  of  an  earth  embankment  with 
a  concrete  core  wall.  This  core  wall  will  extend  to  solid  rock,  will 
have  a  width  of  4  feet  on  top  and  a  maximum  width  of  8  feet  at 
the  bottom.  Its  top  will  be  at  elevation  665.  The  earth  bank 
will  be  carried  two  feet  higher,  will  have  a  top  width  of  12  feet, 
and  will  have  side  slopes  of  two  to  one.  At  elevation  653  it  will 
liavc  a  berm  on  the  lower  side  which  will  carry  an  approach  to  the 
power  liouse.  The  total  lengtli  between  the  rock  bluff  and  the 
liill  where  tlie  cnibankiiicnt  will  terminate  is  about  2,300  feet, 
of  wliich  tlic  dam  comprises  1,200  feet,  the  power  and  transformer 
liousea  about  300  feet,  and  the  embankment  about  700  feet 

The  tops  of  tlic  lock  walls  will  bo  at  elevation  650.  The  inner 
or  land  wall  proper  of  tlie  lock  will  be  427  feet  long,  with  approach 
walls  agirre/rating  123  feet  more,  or  a  total  length  over  all  of  550 
feet.  At  each  end  there  will  be  a  wing  wall  running  into  the 
bank  at  the  same  elevation  as  the  top  of  the  main  wall.     The  length 
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of  the  river  wall  proper  is  440  feet,  with  a  lower  approach  wall 
190  feet  long.  The  upper  approach  wall  is  formed  of  detached 
piers  16  feet  long^  with  spaces  of  20  feet  between  them  and  ex- 
tending 232  feet  upstream  of  the  upper  end  of  the  locL  The 
height  of  the  lock  walls  will  be  about  68  feet  The  land  wall  will 
have  a  bottom  width  of  30  feet  and  a  top  width  of  6  feet  The 
bottom  and  top  VTidths  of  the  river  wall  will  be  32  and  8  feet  re- 
spectively. At  the  buttresses  supporting  the  gates  the  top  width 
is  increased  in  all  cases  to  25  feet,  the  base  of  the  land  w&U  to  88 
feet,  the  base  of  the  river  wall  to  35  feet  at  the  upper  end,  and  to 
46  feet  at  the  lower  end. 

The  lock  will  have  a  clear  width  of  60  feet  The  gates  will  be 
of  the  mitering  type,  horizontally  framed,  of  mild  steel,  and  will 
be  opened  and  closed  by  rack  bars  operated  by  electricity,  with 
arrangements  for  hand  power  in  case  of  failure  of  the  eleotrio 
current  These  gates  will  be  remarkable  for  the  head  they  will 
have  to  support  In  extreme  low  water  seasons,  with  flashboards 
on  the  dam,  the  difference  in  elevation  between  the  two  pools  will 
be  about  40  feet  Each  leaf  of  the  lower  gate  will  be  about  84 
feet  long  by  59  feet  high,  and  will  weigh  about  129  tons;  each 
leaf  of  the  upper  gate  will  be  about  26  feet  high,  and  will  weigh 
about  50  tons. 

The  lock  chamber  willbe  filled  by  two  culverts,  about  11  feet 
by  6  feet,  one  in  each  wall,  running  the  whole  length  of  the  cham- 
ber, and  having  ten  openings  three  feet  below  the  level  of  low 
water.  It  will  be  emptied  by  means  of  two  culverts  of  the  same 
size,  each  having  three  openings  into  the  lower  bay.  These  cul- 
verts will  be  operated  by  Stoney  sluice  gates,  operated  from  the 
top  of  the  wall  by  electric  or  hand  power.  The  chamber  will  ad- 
mit at  low  water  a  fleet  of  boats  or  barges  drawing  six  feet,  with  a 
width  of  59  feet  and  a  length  of  300  feet 

In  case  of  accident  to  the  gates  the  lock  can  be  closed  by 
placing  five  steel  trestles  across  each  end,  fitting  into  journals 
placed  during  construction.  These  trestles  would  then  be  con- 
nected by  steel  beams  against  which  would  rest  needles  or  ver- 
tical beams  of  timber  or  steel. 

The  crest  of  the  dam  will  be  at  elevation  635  and  have  a  width 
of  eififht  feet  The  upstream  face  will  be  vertical  while  the  down- 
stream face  will  have  a  batter  of  three  horizontal  to  four  vertical, 
terminating  in  a  curve  with  a  radius  of  20  feet  The  height  will 
vary  from  42  feet  to  62  feet,  depending  on  the  elevation  of  solid 
rock,  with  an  average  height  of  about  52  feet     Running  the  foil 
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length  of  the  dam  there  will  be  a  passageway,  as  shown  in  the 
accompanying  section.  This  will  be  two  and  a  half  feet  wide  by 
six  and  a  half  feet  high.  It  will  terminate  in  the  land  wall  of 
the  lock  and  in  the  power  house  in  shafts  extending  above  extreme 
high  water.  At  the  bottom  of  this  passageway  at  intervals  of  12 
feet  will  be  placed  two-inch  wrought-iron  pipes  extending  out  to 
the  downstream  face  of  the  dam.  These  pipes  will  supply  air 
under  the  falling  sheet  of  water  passing  over  the  dam,  and  prevent 
the  formation  of  a  vacuum.  This  passageway  will  also  be  used  as 
a  means  of  crossing  from  the  power  house  to  the  lock,  and  will 
carry  the  wires  for  furnishing  the  electricity  for  operating  the 
machinery  of  tlie  lock  and  for  lighting  the  lock  and  other  United 
States  property.  Near  the  power  house  the  dam  will  contain  a 
sluiceway  to  supply  water  to  the  lower  pool  at  times  when  there 
is  none  passing  over  the  dam  or  through  the  power  house. 

The  power  house  will  consist  of  seven  bays,  each  containing  two 
units.  Each  unit  will  consist  of  three  turbines  on  a  vertical  Aadt, 
carrying  the  generator  at  its  upper  end.  Under  ordinary  stages 
of  the  river  only  two  of  the  turbines  will  be  used,  the  third  b^ng 
held  in  reserve  and  used  when  there  is  a  large  quantity  of  water 
flowing,  but  giving  a  reduced  head.  Each  generator  will  have 
a  normal  capacity  of  2,250  to  3,000  k.w.  The  main  floor  of  the 
power  house  will  be  at  elevation  653.  Ten  feet  below  this  will 
be  a  floor  carrying  the  supports  of  the  rotating  parts  of  the  tur- 
bine and  generators  and  also  the  governors. 

The  water  will  be  conducted  to  the  power  house  by  a  headrace 
excavated  in  the  bank  of  the  river.  The  tailrace  will  also  be 
excavated  in  the  bank  of  the  river,  and  will  extend  down  into  the 
rock,  its  elevation  at  the  power  house  being  571.  Low  water  below 
the  dam  will  be  at  elevation  598.5.  This  will  give  a  head  of 
36.5  feet,  which  can  be  increased  three  feet  by  the  use  of  flash- 
boards. 

The  lock,  dam  and  power  house  are  all  to  be  built  of  concrete. 

Although  nothing  has  been  definitely  decided  as  yet  regarding 
the  electrical  apparatus,  it  is  the  intention  at  the  present  time 
to  generate  current  at  6,600  volts,  60  cycles,  and  step  up  through 
oil-insulated,  water-cooled  transformers  to  either  23,000  or  40,000 
volts  for  the  transmission  line.  The  first  transmission  line  will 
probably  consist  of  two  three-phase  lines  on  the  same  pole,  and 
will  be  carried  in  a  straight  line  over  the  mountain  to  the  sontb 
of  the  bend  in  the  Tennessee  Eiver  just  below  Kellys  Ferrj. 
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From  this  point  the  line  will  follow  the  carriage  road  through  the 
hills  to  Chattanooga.  The  Receiving  Sub-Station  will  probably 
be  equipped  witli  23,000  or  40,000  volt  air-blast  step-down  trans- 
formers, with  2,300  volts  distribution  within  the  city. 

It  is  expected  that  the  entire  plant  will  be  completed  and  ready 
for  operation  about  October  1,  1907.  In  conclusion,  credit  should 
be  given  for  data  and  other  help  in  the  preparation  of  this  paper 
to  John  Bogart,  Consulting  Engineer,  and  J.  C.  Guild,  Chief  En- 
gineer of  the  Chattanooga  and  Tennessee  River  Power  Company, 
and  to  C.  E.  James,  Major  H.  C.  Newcomer,  Engineer  Corps, 
U.  S.  A.,  and  John  M.  G.  Watt,  Principal  Assistant  Engineer; 
to  the  reports  of  the  War  Department,  and  to  my  assistant,  (Jeo. 
A.  Orrok,  ilember  A.  S.  M.  E. 


DISCUSSION. 

Mr.  Donnelly, — I  wish  to  make  a  few  remarks  on  the  general 
proposition  and  to  call  attention  to  tlie  harmony  between  the  gen- 
eral government  and  the  engineering  development  of  water  ways. 

We  are  undoubtedly  going  to  see  much  more  of  this  in  the 
future,  luid  it  seems  to  me  to  open  up  a  field  which  is  very  desir- 
able. The  utilization  of  the  interior  water  ways  of  this  country 
is  almost  undeveloped.  Before  the  advent  of  the  railroads  it  had 
an  extreuie  development,  and  the  original  transportation  develop- 
ment of  the  country  was  entirely  a  matter  of  the  development  of 
the  water  ways.  With  the  advent  of  the  railroad,  however,  the 
change  was  so  great  that,  to  a  large  extent,  the  utilization  of  the 
water  ways  was  sn})erseded.  It  is  not  an  economic  truth  that  the 
railways  can  entirely  supersede  the  water  ways;  and  as  the 
forced  d(n'eloj)nient  of  the  conntry  is  nearly  finished,  we  are  now 
coming  to  a  more  C()nij)lete  dev^elopment  of  the  country,  to  accom- 
plish which  it  will  Ix^  necessary  to  utilize  all  possible  means  of 
coniinnnication.  This  is  a  particular  instance  where  the  en- 
d(»avors  of  the  Government  to  promote  the  use  of  the  water  ways 
for  ccnnnierce  has  resnlt(Hl  in  a  very  much  greater  utilization  for 
power  j)nrj)oses.  In  all  j)robability  the  attention  of  the  engineers 
to  the  power  and  the  commercial  end  of  this  proposition  would  not 
hav(»  Ihhmi  secured  if  the  Government  had  not  made  elaborate 
j)lans  and  snrveys  and  gathered  a  large  amount  of  data  which 
has  shown  the  possibilities  in  connection  with  this  river.  We 
nnderstand  that  the  control  of  the  Mississippi  River,  or  of  any  of 
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these  large  Western  rivers,  means  an  exceedingly  large  expendi- 
ture of  money  and  energy  in  controlling  the  head  waters,  and  the 
amount  of  information  gathered  here  and  heing  applied  to  other 
streams  and  distributed  among  engineers  will  tend  to  the  working 
out  of  other  situations  where  both  navigation  purposes  and  power 
purposes  can  go  hand  in  hand.  So  far  as  I  know,  this  is  the 
first  instance  in  which  they  have  worked  together.  The  building 
of  Government  dams  for  irrigation  purposes  in  the  West  is  rather 
a  different  problem,  but  in  connection  with  tliose  there  will  be 
manufacturing  growth  as  well  as  agricultural  growth.  Modern 
(^igineering  Unuh  to  introduce  many  new  factors,  and  tlie  more 
factors  properly  introduced  the  more  possibilities  there  are  in 
working  out  the  problem  l>oth  for  a  commercial  success  and  en- 
gineering success.  I  think  this  sliould  ho  made  very  clear  in 
respect  of  this  particular  undertaking* 

Mr,  II,  M.  Lane, — As  I  understand  it,  tlio  Tennessee  Kiver  is 
more  nearly  in  its  primitive  condition  tlian  most  of  our  Northern 
rivers;  that  is,  the  timber  on  tlie  mountains  at  the  head  waters 
lias  not  been  cut  to  any  large*  ext(*nt.  1  should  likii  to  know  if  any 
calculation  liiis  In^en  made  with  regard  to  the  g(^neral  run  off  that 
will  occur  after  the  timlxjr  lias  been  cut  It  has  been  found  in 
the  case  of  most  Northern  rivers  that  the  cutting  of  the  timber 
has  resulted  in  disastrous  floods  at  certain  seasons  and  a  very 
much  reduced  run  off  the  balance  of  the  year. 

Mr,  J,  C.  Guild. — I  would  like  to  state  the  conditions  as  they 
exist  in  regard  to  the  forestry  of  the  head  waters  of  the  Tennessee 
Kiver.  I  think  they  are  rather  peculiar.  The  drainage  area  of 
the  Tennessee  ]{iver  is  very  mountainous  and  is  heavily  timbered, 
the  trees  being  of  many  varieties.  This  timber  has  been  cut  for 
the  last  twenty-five  years,  and  still  there  is  very  little  change  so 
far  as  the  effect  on  the  flo\v  of  the  river  is  concerned.  Of  course, 
many  of  the  larger  trees  have  been  rc^moved  from  these  forests, 
but  the  young  growth  which  has  followed  the  removal  of  the 
larger  timber  has  practically  the  same  effect  so  far  as  the  flow 
of  the  river  is  concerned.  The  lumberman  goes  into  this  forest 
for  timber  of  a  certain  variety,  and  removing  this  alone,  leaves 
the  other  variety  still  standing;  later,  as  another  variety  is  in  de- 
man<l,  he  goes  again  lo  cut  this,  but  in  the  meantime  the  young 
trees  have  grown,  so  by  this  method  of  removal  of  the  timber 
the  mountains  are  never  bare  of  forest.  In  this  respect  the 
forestry  of  the  basin  of  the  Tennessee  River  is  quite  different 
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from  the  White  Pine  forests  of  the  North  or  the  Yellow  Pine 
forests  of  the  South.  In  both  of  these  cases  the  lumberman  re- 
moves the  forest  entirely  at  one  cutting. 

We  have  taken  all  this  into  account  and  we  do  not  anticipate 
any  serious  change  in  the  flood  periods  or  low-water  periods  of 
the  Tennessee  River. 

President  Taylor. — I  would  like  to  call  attention  to  one  pre- 
vious case  of  co-operation  between  the  Government  and  private 
enterprise  in  the  development  of  a  river  which,  however,  has 
resulted  variously  through  a  term  of  years,  sometimes  with  most 
satisfactory  results  and  at  others  the  reverse.  And  that  is  on 
the  Fox  River  in  Wisconsin.  For  a  number  of  years  the  Fox 
River  has  practically  been,  so  far  as  navigation  is  concerned,  of 
very  little  use ;  the  traffic  on  it  has  been  but  small.  Its  effect  on 
freight  rates,  which  after  all  is  not  the  most  unimportant  feature 
to  bo  considered,  has  been  practically  nothing.  However,  in  the 
case  of  the  Fox  River,  the  unsatisfactory  conditions  have  been 
at  times  entirely  due  to  the  particular  administration  on  the  part 
of  the  Government  officers  stationed  in  the  Fox  River  Valley, 
iKJcause  on  their  part  there  has  been  at  intervals  lack  of  co-opera- 
tion and  appreciation  of  relative  importance  to  the  community 
of  navigability  of  the  river  and  the  water  power.  Now  I  am  quite 
sure  from  what  everyone  here  says  that  nothing  of  that  kind 
will  ever  happen  here.  But  at  various  times  in  the  Fox 
River  Valley  it  has  been  a  very  sore  point  between  the  large 
maniifactiiring  interests  there,  with  the  great  number  of  paper 
and  i)ulp  mills  depcn<ling  almost  entirely  for  their  power  on 
tlici  rivor,  an<l  the  (JovcTnincnt  agont*^,  8<ane  of  whom  have  helped 
the  manufacturers  in  every  way,  and  others  of  whom  have  held 
to  the  strictest  interpretation  of  the  law;  and  for  the  sake  of  a 
few  pleasure  yachts,  to  enable  them  to  get  access  to  the  lakes  above, 
and  a  most  insignificant  traffic  on  the  river,  have  held  up  all 
manufacturing  along  the  river.  As  I  say,  I  do  not  believe  any- 
thing of  that  kin<l  can  ever  happen  here,  because  the  yachting 
clonu'ut  at  Chattanooga  will  probably  never  be  very  large. 

Major  Newcomer. — It  may  {wssibly  be  of  interest  to  the  mem- 
bers of  the  Society  to  know  of  another  instance  of  co-operation 
that  is  on  record.  In  the  improvement  of  the  Cumberland  River 
the  Government  had  a  project  for  the  canalization  of  the  river 
from  its  mouth  up  to  Rock  Castle  River  in  Kentucky,  about  thirty 
miles  above  Burnside,  the  point  where  the  Cincinnati  Southern 
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Railroad  crosses  the  Cumberland  River.  Up  to  Burnside  there 
are  four  or  five  months  of  the  year  when  boats  can  nm,  but  low- 
water  navigation  could  not  be  attained  except  by  canalization- 
Then  above  Burnside  there  are  very  bad  shoals  which  could  not 
be  passed  with  safety  at  any  time.  There  was  a  pmjeet  for  tho 
canalization  of  that  portion  of  the  river  because  of  the  fact  that 
it  would  tap  a  very  rich  coal  field.  The  Government  project^ 
however,  was  not  sufficiently  rapid  in  its  development  to  satisfy 
the  private  parties  interested  in  the  coal  mines,  and  at  the  last 
session  of  Congress  these  parties  appeared  before  the  Committees 
and  secured  an  appropriation  for  one  lock  and  dam  just  below 
Burnside,  which  would  give  a  pool  below  these  bad  shoals,  and 
then  agreed  to  go  ahead  and  improve  the  shoals  themselves  by 
putting  in  locks  and  dams,  and  a  charter  was  granted  for  that 
purpose.  They  were  to  build  these  locks  and  dams,  oii  plans 
approved  by  the  Government,  and  were  to  have  the  use  of  tbe 
power,  of  course,  developed  by  the  dams,  and  were  allowed  to 
charge  tolls  for  a  certain  number  of  years.  The  Government 
has  gone  ahead  and  is  now  building  the  lock  and  dam  below 
Burnside,  but  nothing  has  been  actually  done  us  jet  with  the 
development  of  the  power  scheme.  A  plan  was  prepared  tliere 
for  a  dam  90  feet  high.  The  discharge  there  is  not  very 
accurately  known.  The  low-water  discharge  h  something  like 
600  or  700  feet  per  second,  I  think.  The  company,  which  is  called 
the  Cumberland  River  Improvement  Company,  is  authorized  to 
proceed  with  this  work ;  but  they  are  not  required  to  begin  until 
18  months  after  the  Burnside  lock  and  dam  are  completed.  There 
is  some  talk  of  the  development  of  the  power  for  the  electrification 
of  the  Queen  and  Crescent  Railroad.  I  believe  on  the  Muskingum 
River,  in  Ohio,  there  is  also  water  power  that  has  been  developed 
by  Government  dams  and  leased  to  private  parties.  There  is  a 
lock  on  the  Cumberland  River  near  Nashville  where  Congress  au- 
thorized leasing  the  power  to  private  parties,  but  no  one  appears 
to  want  it.  In  fact,  in  most  cases  of  this  kind,  a  power  plant 
would  be  exposed  to  frequent  interruptions,  since  the  fall  over 
the  dam  is  practically  eliminated  at  all  higher  stages  of  the  river. 
Mr.  Geo.  B.  Stetson. — Coming  from  the  North,  where  our  n^^al 
estate  is  not  in  as  rapid  motion  as  it  is  do\vn  here,  I  would  like  to 
know  if  there  has  ever  entered  into  the  thought  of  thijs  proposition 
whether  this  dam  will  not  be  the  building  of  an  enormous  aettlin^ 
basin  for  the  State  of  Tennessee  where  its  real  estjite  wiU  be 
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stoj^pod  on  the  road  to  the  Gulf,  and  whether  we  shall  not  be 
transferring  one  swtion  of  the  State  to  another. 

Mr.  Hunt, — I  Ix^lievc  Napoleon  had  a  problem  of  this  kind 
when  he  was  circulating  through  Europe.  He  claimed  Holland 
because  it  was  the  sediment  that  had  been  washed  down  by  the 
Rhine,  and  he  owned  the  Rhine. 

Mr,  Stetson, — Then  I  suppose  New  Orleans  would  claim  Chat- 
tanooga for  the  same  reason. 

President  Taylor, — No;  Chattanooga,  if  that  rule  holds  out, 
would  own  New  Orleans. 

Major  Neweomer, — I  think  there  is  no  question  but  there  will 
be  considerable  deposit  formed  above  this  dam.  That  I  believe 
has  bc^en  cMicountered  in  all  cases  where  locks  and  dams  have 
been  put  in.  At  the  same  time  I  understand  that  the  general 
result  has  not  iKum  serious — that  is,  that  the  deposit  grows  only 
to  a  moderate  degree.  The  time  of  the  maximum  transportation 
of  material  carried  in  suspension  that  way,  is,  of  course,  during 
high  Hood  time,  and  during  that  time  the  dam  is  going  to  have 
a  relatively  small  effect.  There  will  be  times  probably  when  we 
will  have  to  dredge  the  channel  above  the  dam.  I  do  not  believe, 
however,  that  we  are  going  to  obtain  any  very  large  share  of 
the  real  (»state  of  t\w  counties  above  the  dam. 

Mr,  Orrok. — There  are  cme  or  two  things  that  I  would  like 
to  say  in  regard  to  tin*  TennesscH^  River  and  the  dam  and  lock 
proj)osition.  When  this  scheme  was  first  brought  to  my  atten- 
tion I,  with  most  Northern  ])eoj)le,  supj)osed  that  the  Tennessee 
River  was  a  little  ordinary  Southern  river,  such  as  we  have  seen 
around  Atlanta,  that  carries  lots  of  sediment,  that  a  man  can 
wade  over  if  he  wishes  to  cross,  and  which  runs  pretty  dry  in 
the  summer  time;  but  in  looking  into  the  matter  I  have  come  to 
something  like  this:  I  find  that  the  Tennessee  River  at  Chat- 
tanooga has  an  average  How  of  41,500  cubic  feet  per  second.  The 
lowest  flow  reported,  which  is  th(»  lowc^st  in  eighty  years,  is  about 
4,»U)0  cubic  feet  per  second.  The  maxinnmi  flow  that  has  l>een 
reported  is  alwait  500,000  cubic  feet  per  second.  I  think  there 
is  a  H(>w  <>f  about  700,000  estimated,  but  that  we  do  not  know  for 
sure.  Now  compare  that  with  some  other  rivers.  Take  the 
Merrimiic  River  in  Xew  Kngland.  At  Lawrence  that  river  has 
a  hnv-waler  ilow  of  1,S00  feet  per  second,  and  an  average  flow  of 
(1,700  f<'et  per  s(»con(l.  Thnt  is  about  one-cMghth  of  the  Tennessee 
River  How  at  Chattanooga.     The  Connecticut  River  at  Hartford 
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has  a  low-water  flow  as  large  as  the  Tennessee,  but  the  avenge 
flow  is  only  17,000  cubic  feet  per  second,  and  the  TnaxiTnum  flofw 
is  less  than  half  of  the  Tennessee.  The  Mississippi  Riyer  at  St. 
Paul  has  an  average  flow  of  about  18,000  cubic  feet  The  Sus- 
quehanna Kiver,  below  Harrisburg,  has  a  mean  flow  of  practically 
*^S,000  feet  per  second,  but  its  low-water  flow  is  less  than  half 
of  the  Tennessee.  Now,  as  a  comparison  with  some  other  laigw 
rivers,  I  could  not  find  anything  in  the  United  States  to  oompaie 
it  with.  As  far  as  I  can  ascertain,  there  are  no  bigger  riyers  than 
the  Tennessee.  Of  course,  the  Mississippi  and  Missouri  are 
bigger.  The  Ohio  is  smaller.  The  low-water  discharge  at  Padn* 
cah  is  about  the  same  as  the  Tennessee,  but  the  high-water  dia- 
f^harge  is  a  little  bigger  for  the  Tennessee  than  it  is  for  the  Ohio 
at  that  point. 

Major  Newcomer, — The  low-water  discharge  at  Pittsburgh  is 
only  about  one-third  of  the  low-water  discharge  of  the  Tennessee 
at  Chattanooga.     It  is  1,700  at  low  water  at  Pittsburgh. 

Mr.  Orrok, — Comparing  the  Tennessee  with  foreign  rivers 
that  are  bigger,  the  only  one  that  I  can  get  any  accurate  figures 
on  is  the  Nile  in  Egypt.  The  average  flow  of  the  Nile  at  Assouan 
is  107,000  cubic  feet  per  second.  The  minimum  flow  is  praeti- 
cally  15,000  cubic  feet  per  second,  and  the  maximum  427,000. 
This  is  the  largest  flow  on  the  Nile.  The  river  Indus  in  India 
has  an  average  flow  of  about  185,000  cubic  feet  per  second  and 
a  minimum  flow  of  30,000  cubic  feet  per  second. 

I  think  this  is  the  first  case  of  the  development  of  power  on 
a  navigable  river  in  this  country;  that  is,  I  do  not  recall  any: 
other  instance  where  a  navigable  river  has  had  a  dam  put  in  ilT 
primarily  for  the  development  of  power. 

President  Taylor. — How  about  the  Fox  River  in  Wisccmsint 

Mr.  Orrok. — That  is  not  a  navigable  river,  as  I  understand  it, 
properly  speaking.  I  have  a  list  here  of  power  plants  on  rivers. 
The  Chattahoochie  River  at  West  Point,  Georgia,  has  a  low-water 
flow  of  830  feet  per  second  and  an  installation  of  13,000  horse^ 
power.  The  Merrimac  River,  at  Lawrence,  with  a  low-water  flow 
of  1,800  cu.  sees — I  haven't  the  horse-power  here.  The  Mi^issippi 
River,  at  Minneapolis,  2,000  feet  per  second;  I  lack  the  horse- 
power there.  On  the  Susquehanna  River,  with  a  low- water  flow  of 
2,600,  40,000  horse-power  could  be  installed.  That  is  proi^ 
lematical  yet,  as  they  have  not  decided  on  the  plant.  The  OoiL^ 
necticnt  River,  at  Holyoke,  with  3,460  cubic  feet  per  second  low- 


IMPROVEMENT    OF    THE    TENNESSEE    RIVER. 


549 


TABLE  3. 


HivRti  AND  LocArtti^4, 


l4ltlpT4^nnt*j4Nf*o  Hivcr,  Jiiilmm,  N*  C*  < 
Frtnieh  Bri^id  River,  Aiihc\  ill*\  N.  C, . 
Merrimae  HivtT,  I^iwreiioe^  Mh^ss.  .  . . . 
Coiinef'ticut  Uivrr,  Holvoke,  MftjsH.  .  .  . 

Mi*rfsaippi  Hiver,  St,  Paul,  Minn 

SuaqnpJuijjjiu  Hiver,  HHrriaburK,  Pa.  . 

Tenneaspe  lii\  t'r,ChAttutioo^,  Tenu,  . 

'*  "     Fadnetih.  Ky,  .  .  .  .  . . 

St.  Mar>'^r^  Hivor,  S<>o  St.  Marie,  Mk'h. 

Nilo  Rjvt'i%  Aiwouan,  tna^'pt , .  .  , 

Inilus  Hi  vol",  Itidju.  .  . .  , 

St,  Clair  iUxv^r,  Mkhi^nn. ...... 

Sitki^am  Hivt*r,  Nt*w  York.  . , 

St.  Lawn-nce  HivtT,  New  York,  ,►..,. 


Ohio  T?jV(*r,  .ihciVt^'^Oiirn^  III. 

MiMHtuiri  HivtT,  St.  Charlie,  Mjrtaourir  . 

MifWJj^ipjM  KiviTjfilK^vr  St*  Lnuiis,  ,  .  . 

**  "      t'olumltijs,  Ky.  .  . .  . 

'*     ut  Nt^sv  Orl«»»6i,  La. 


ArvM. 


ma 

987 

8,600 
10,2:14 

24,030 

21,418 

44,000 

7fi,100 

1,UH,(H)0 

200,000 

213,9iKJ 

254,700 

287,700 


1,214,000 


Mftxtmiim 
PUiw, 


Vh.  tat*. 

38,000 
7,H«(} 

18,000 

42,300 
208,000 

72,000 
543,000 
440,000 


10O,tHX> 
427. tKM) 

»i;h),ooo 

270,0(X)' 
2t)0,(HK) 
330.000 


i,r>oo 

2,500 
0,7^0 
13,HriO 
I7j'>70 
18,0(K1 

4 1, .^10 
70,ixm 
77,tMHJ 
107,Xr.U 
lS.'>,00ti 
11>H.(KKJ 
22lJ,0O0 
252.000 


100,000 


845,000 
450,000 
I'JO.iXiOl 
.t^jO.UM)  440,00tJ 
2.OOO.OOO1 


Klow. 


280 

a^o 

1,800 
3,460 
5,200 
2,000 
2,ti4KJ 
4,3k)0 
11,00(> 
'15,(K)0 

i4,H:i:i 
50,ix>a 

110,{H)0 
175.000 

I8,ri00 

22,000 

30,000 

100,000 

1*30,000 

255,000 


Table  4.— Watkk  Powkr  Developments. 


ChaUJihfKH'lier,  \Vi*8t  Point,  (lit 
Mrrrinmr,  Liivvn^rur,  Mtirtw.  ,  ..  - 
Mittsk^ippi,  Miiim^ajwIiH.  Minn., 
Su!4<iut4ianiin,  JMK'itllH  li^try  Co, 
roiiiurticnt,  llolyoke.  Mush.  .  . 
l\nit irsfiiT ,  (J tiJd  t  a n oiign ,  Tei m , , 
Hhonr,  Lyt)]i»,  Fnnire. ........ 


Muxinium 

MvAn 

Mtnlmttni 

DHow. 

riuw. 

Flow. 

f'w.  *rf. 

VM.  BffH, 

Gu.  wr#. 

57,400 

H3<J 

18,ilO0 

G,750 

1,800 

72,000 

18,000 

2,iHX> 

Ma,0(X) 

38,350 

2,tl00 

42,;tiH) 

13,8,'jO 

3,4m) 

44(^,000 

41,600 

4,300 

215,0CK) 

0,000 

III- til  urn 


14.000 


40,000 
24,000 
54,000 
22.000 


water  ilow,  lias  24,000  horse-powej.  The  Tennessee  River  at 
( .^hattanooga  with  4,S00  low-water  flow,  54,000  horse-power  could 
1)0  instalknl.  Then  I  have  one  foreign  river,  the  Rhone,  near 
Lyons,  France,  with  a  low-water  flow  of  G,000  feet  per  second, 
22,000  horse-power  installed.  These  are  the  horse-powers  in- 
stalled. I  have  no  figures  for  the  mean  or  maximum  horse-power 
ol)tainc<i.  What  I  was  after  w^as  a  little  comparison  that  would 
show  the  size  of  the  Tennessee  River  in  connection  with  these 
other  plants. 

Major  Ncii'conier, — With  reference  to  the  discharge,  the  maxi- 
nnnn   discharge  w\is   figunnl   and   (\stimaled   a   few  years   ago  as 
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700,000  cubic  feet  per  second  and  the  minimum  as  3,700* 
results  were  obtained  by  extending  the  discharge  curve  i'rum  in- 
termediate observations  to  tlie  extreme  gauge  readings.  In  1904 
we  had  the  lowest  low-water  ever  known  by  white  men  on  ihu 
river.  The  lowest  preceding  one  was  in  1837,  and  this  was  lower 
than  that.  An  observation  taken  in  that  year  (1904)  gave  a 
discharge  of  about  4,800  cubic  feet  per  second,  taken  at  the 
Walnut  Street  bridge  here  by  the  hydrographic  observer  vmder 
the  geological  survey  department.  We  figure  that  the  ordinary 
low  water  will  rarely  go  below  6,000  cubic  feet  ^r  second.  It 
occurred  to  me  that  possibly  the  members  of  the  Society  may  be 
interested  to  know  that  Congress,  at  this  session,  has  passed  a  law 
authorizing  the  development  of  the  water  power  at  Muscle  Shoals, 
where  the  Government  has  built  a  canal  to  surmount  the  shoals 
about  fourteen  miles  long,  with  a  total  fall  of  about  86  feet  I 
suppose  there  are  various  parties  who  have  been  figuring  upooi 
the  development  of  at  least  some  portion  of  that  fall.  The  low- 
water  discharge  there  is  greater  than  it  is  here;  it  is  probably 
9,000  cubic  feet  there  as  compared  with  6,000  cubic  feet  here, 
ordinary  low-water  discharge. 

Mr,  Guild. — I  might  say  that  there  is  one  feature  about  this 
development  which  may  be  interesting  to  you,  and  that  is  the 
great  strain  upon  this  dam  and  the  high  lift  of  the  gates.  I  un- 
derstand that  these  gates  are  the  highest  single-lift  lock  gates 
that  have  ever  been  proposed  in  the  United  States.  I  am  correct 
about  that,  I  think. 

Major  Newcomer. — Yes,  I  think  that  is  so. 

Mr.  Guild. — And  the  strain  due  to  the  crest  of  water  on  tibe 
dam  is  probably  greater  than  on  any  other.  This  dam  will  be 
1,200  feet  long,  with  a  height  of  68  feet,  and  there  will  be  28 
feet  of  water  flowing  over  the  top  which  subjects  this  dam  to  an 
enormous  strain.  I  think  the  figures  of  the  Government  En- 
gineering Department  show  that  this  dam  is  subject  to  a  greater 
strain  in  this  way  than  any  other  dam  ever  constructed  in  the 
United  States.  There  have  been  very  much  higher  dams  bnilt, 
but  the  water  does  not  flow  over  them  with  so  great  a  depth. 

Secretary  Hutton. — It  is  doubtless  known  to  members  of  the 
Society  that  this  paper  which  we  have  had  the  honor  of  listening 
to  has  been  presented  to  the  Society  in  two  forms.  The  first  cap 
simpler  form  was  the  one  which  was  sent  out  to  the  members 
through  the  Secretary's  oflice.     The  other  form,  the  more  elabo- 
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rate  presentation,  was  given  by  the  members  as  they  reached 
Chattanoc^a.  That  more  complete  presentation,  with  consider- 
able additional  information,  is  a  personal  gift  to  the  members 
and  guests  of  the  Society  by  the  author  of  the  paper.  It  seems 
to  me,  therefore,  very  fitting  that  this  souvenir  publication  con- 
taining so  much  other  material  that  Mr.  Murray  has  gotten  to- 
gether, and  which  we  are  pleased  to  take  away  with  us  as  a 
souvenir  of  the  meeting,  that  inasmuch  as  we  are  indebted  to 
him  personally  for  it,  and  not  to  anybody  else  other  than  he,  a 
vote  of  thanks  would  be  a  very  appropriate  vote  with  which  to 
close  the  discussion  on  this  paper.  I  might  add  that  I  happen  to 
know  that  this  presentation  by  Mr.  Murray  represents  in  value 
to  him  $1,200.  There  are  120  of  us  here  at  this  meeting.  So 
each  one  of  those  books  is  $10  apiece. 

T  move  you,  sir,  a  vote  of  thanks  to  Mr.  Murray  for  his  courtesy 
and  the  preparation  of  this  souvenir  edition.      (Applause.) 

3/r.  Hunt, — I  very  cheerfully  second  the  motion. 

President  Taylor, — The  motion  is  carried  by  acclamation. 
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No.:H06.* 

A  LOW  RESISTANCE  THERMO-ELECTRIC  PY- 
ROMETER AND  COMPENSATOR.^ 

BY   PROFESSOR  WM.   H.   BRISTOL,   UOBOKBN,   N.  J. 

(Member  of  the  Society.) 

The  thermo-electric  pyrometer  herein  described  is  adapted  far 
commercial  and  every-day  shop  use. 

It  is  similar  in  principle  to  the  Le  Chatelier  pyrometer,  but  is 
of  low  resistance,  and  instead  of  the  extremely  delicate  suspensicm 
galvanometer  a  Weston  special  dead-beat  milli-voltmeter  is  Ufisd^ 
and  in  place  of  the  costly  platinum-rhodium  elements,  inexpcaofiive 
alloys  are  employed  for  the  couples. 

The  low  cost  of  the  couple  makes  it  possible  to  keep  an  extra 
one  on  hand  for  use  as  a  standard  to  quickly  and  easily  check  ihe 
one  that  is  in  regular  service. 

The  temperature  at  a  number  of  localities  may  readily  be  ob- 
served on  a  single  instrument,  a  couple  and  leads  being  provicled 
for  each  locality  in  connection  with  a  suitable  switching  device.. 

The  same  instrument  may  also  be  provided  with  scales  for  dif- 
ferent total  ranges. 

For  ranges  of  temperature  up  to  2,000  degrees  Fahr.  instead  of 
using  porcelain  tubes  for  insulation,  each  element  of  the  couple  is 
insulated  with  asbestos  and  a  carborundum  paint.  Couples  so  insu- 
lated may  be  applied  directly  to  the  fire  space  where  the  temperft- 
ture  is  to  be  measured,  or  where  extra  protection  is  desirable  the 
couple  may  be  slipped  into  a  piece  of  common  iron  pipe  with  cme 


*  Presented  at  the  January,  1906,  Reunion  in  New  York  City  and  at  the  Chal^ 
tanooga  meeting  (May,  1906)  of  the  American  Society  of  Mechanical  Engineei^ 
and  forming  part  of  Volume  27  of  the  Transactions. 

f  For  further  discussion  on  this  topic,  consult  Transactions  as  followfi: 
No.  23,  vol.  2,  p.  42:  "  Use  of  the  Cnlorimeter  as  a  Pyrometer  for  high  Tempeiih  « 

tures."    J.  C.  Hoadley. 
No.  65,  vol.  3,  p.  187:  "  Specific  Heat  of  Platinum,  and  ufc  of  the  Metal  in  thn 

Pyrometer."    J.  C.  Hoadley. 
No.  874,  vol.  22,  p.  143:  **  Recording  Air  Pyrometer."    Wm.  H.  Briatul. 
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end  closed.  Couples  so  protected  are  well  adapted  for  use  in 
liquids  and  molten  baths,  such  as  are  employed  for  hardening  and 
tempering  of  steel. 

For  instantaneous  determination  of  the  temperatures  of  molten 
metals  as  brass,  bronze,  etc.,  the  ends  of  the  couple  are  left  dis- 
connected and  without  insulation. 

The  same  form  of  the  couple  may  be  used  for  quickly  measuring 
the  temperature  of  a  metallic  object.  For  this  application  the 
rips  of  the  couple  are  pointed,  so  that  the  temperature  at  the  two 
l)oints  of  junction  may  become  the  same  as  that  of  the  object  im- 
mediately after  the  contact  is  made.  This  form  of  the  couple  af- 
fords a  most  convenient  method  for  almost  simultaneously  measur- 
ing the  temperature  at  different  points  of  an  object. 

When  desirable  the  couples  are  made  with  a  separable  junction, 
which  permits  the  fire-end  to  be  removed  and  renewed  at  pleasure. 

A  compensator  is  adapted  to  automatically  correct  for  at- 
mospheric changes  of  temperature  at  the  cold  ends  of  the  couple. 

In  order  to  make  an  equivalent  and  to  reduce  4:he  cost  of  the 
platinum-rhodium  couple  for  the  measurement  of  temperatures 
above  the  fusing  point  of  the  low-priced  alloys,  a  compound  couple 
is  formed  with  platinum-rhodium  for  the  part  to  be  exposed  to  the 
full  temperature  to  be  measured  and  of  a  length  extending  to  a 
point  where  the  temperature  will  not  exceed  1,200  degrees  Fahr. 
The  remaining  portion  of  the  elements  of  the  couple  are  composed 
(»f  inexpensive  alloys. 

Automatic  continuous  records  of  the  indications  of  the  pyrometer 
may  readily  be  made  on  a  chart  sheet  which  is  arranged  to  move 
at  the  proper  speed  back  of  the  end  of  the  indicating  arm.  This 
record  sheet  is  unsupported  over  its  active  portion,  which  is 
|)eriodically  vibrated  by  the  clock  movement  into  contact  with  the 
end  of  the  indicating  arm  and  produces  a  record  upon  the  chart 
sheet. 

The  record  may  be  made  by  ink  carried  by  the  indicating  arm, 
or  the  surface  of  the  record  sheet  may  be  coated  with  some  easily 
removable  substance. 

For  antoniatically  recording];  rapid  changes  of  temperature  a 
current  from  an  induction  coil  may  be  passed  through  the  record 
sheet  from  the  end  of  the  indicating  arm  at  frequent  intervals. 

1.  For  a  great  variety  of  industrial  processes  and  also  in  scien- 
tific research  the  ranges  of  temperature  required  do  not  exceed 
L\()(H)  (I (Agrees  Fahr. 
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2.  The  low  resistance  pyrometer  herein  described  has  been  devel- 
oped to  meet  the  existing  demand  for  an  instrument  to  f uUy  cover 
this  range  of  temperature ;  one  which  would  be  accurate,  reliable 
and  comparatively  inexpensive,  taking  into  consideration  both  the 
initial  cost  and  the  cost  of  maintenance;  also  one  that  mi^t  be 
readily  adapted  to  varying  conditions  for  industrial  operations  and 
be  successfully  operated  by  an  ordinary  workman. 

3.  As  the  title  implies,  this  pyrometer  depends  primarily  upon 
the  well-known  thermo-electric  couple,  consisting  of  two  diasiiiiilar 
metals  or  alloys  joined  at  one  end. 

4.  When  the  junction  of  such  a  couple  is  located  at  a  point 
where  the  temperature  is  to  be  measured  an  electro-motive  force  is 
developed,  which  is  a  function  of  and  depends  for  its  value  upon 
the  difference  of  temperature  at  the  junction  and  that  at  the  op- 
posite or  so-called  cold  ends  of  the  two  elements  forming  the 
couple. 

5.  The  phenomenon  that  an  electric  current  is  produced  when 
the  opposite  junctions  of  two  dissimilar  metals  or  alloys  are  of  dif- 
ferent temperatures  was  discovered  by  Seebeck  in  1820. 

6.  Le  Chatelier  in  his  recent  book  entitled  "High  Temperature 
Measurements"  states  that  in  the  year  1830  Becquerel  bad  the  first 
idea  to  profit  by  the  Seebeck  discovery  for  temperature  measuxe- 
ments. 

7.  During  the  seventy-five  years  since  that  date  many  aoientista 
have  systematically  studied  and  carried  out  investigationa  with 
thermo-electric  couples,  using  a  great  variety  of  metals  and  alloys^ 
with  a  view  to  discover  a  couple  that  would  resist  high  temperatune 
and  could  be  depended  upon  for  constancy  when  used  for  tiieir 
measiiremnt.  Le  Chatelier,  who  has  made  extensive  researehea  to 
determine  the  most  desirable  metals  for  this  purpose,  finally 
adopted  a  couple  of  which  one  element  consisted  of  pure  platinum 
and  the  other  of  an  alloy  of  platinum  and  10  per  cent  rhodium, 
from  which  couple  an  almost  uniformly  increasing  electro-motive 
force  is  developed,  correspondingly  with  increasing  differencea  of 
temperature  between  its  opposite  ends. 

8.  At  the  present  time  many  of  these  couples  are  suooeeafnllj 
employed  for  the  determination  of  high  temperatures.  They  axe 
almost  invariably  used  in  conjunction  with  an  extremely  ddiette 
high  resistance  galvanometer,  which,  according  to  Le  Ohateliery  is 
indispensable,  200  ohms  being  mentioned  as  a  minimum  resiatanee 
allowable  in  the  indicating  instrument.    This  amount  of  reaiatance 
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is  necessary  to  practically  eliminate  the  atmospheric  temperature 
influence  upon  the  resistance  of  the  elements  forming  the  couple, 
the  leads  and  the  coils  of  the  galvanometer  itself. 

9.  If  the  galvanometer  be  of  a  high  resistance  type  it  is  evident, 
that  if  sensitive  to  the  minute  current  of  electricity  corresponding 
to  the  very  low  electro-motive  force  produced  by  the  couple,  it  must 
be  delicately  constructed,  and  consequently  requires  great  skill  and 
care  in  its  handling  and  operation. 

10.  The  sensitive  coil  of  the  instrument  is  usually  suspended  by 
an  extremely  fine  wire  and  the  instrument  must  always  be  leveled 
and  located  upon  a  solid  foundation  before  observations  can  be 
made. 

11.  The  platinum-rhodium  couple  instrument  above  described 
may  be  classed  as  a  high  resistance  pyrometer  when  compared  with 
the  low-resistance  pyrometer,  of  which  the  following  is  a  descrip- 
tion: 

12.  It  consists  of  three  parts:  couple,  indicator  and  leads  to 
connect  couple  and  indicator.  The  leads  between  the  couple  and 
the  indicator  maybe  of  almost  any  desired  length  to  meet  the  special 
r(H]uironients;  the  combined  resistance  of  the  leads,  couples  and  in- 
dicator are  fixed  to  suit  the  total  range  of  the  instrument  and  varies 
from  3  ohms  as  a  minimum  to  10  as  a  maximum.  The  indicator 
is  a  low-resistance  instrument  of  speqial  design,  and  is  made  espe- 
cially for  the  writer  by  the  Weston  Electrical  Instrument  Com- 
pany. The  accuracy,  permanency,  and  portability  of  these  instru- 
ments is  well  known. 

13.  Fig.  1  shows  a  wall  or  switch-board  form  of  the  indicator. 
Fig.  2  illustrates  a  portable  form.  These  indicators  are  made  with 
j)ivots  in  jowolod  Ix^arings  in  ])laec  of  the  delicate  suspension  by 
fine  wires  which  are  generally  considered  necessary  in  the  high- 
resistance  type  of  indicator  or  galvanometer  for  this  work. 

14.  The  elements  used  in  the  low-resistance  system  give  a  much 
greater  electro-motive  force  than  the  platinum  rhodium  couple, 
which  is  a  great  advantage  in  gain  of  motive  power  for  the  opera- 
tion of  the  indicating  instrument 

15.  The  particular  metals  or  alloys  applicable  for  a  pyrometer 
of  this  type  should  have  a  fusing  point  higher  than  the  maximum 
tc'niiKTJitnn*  to  bo  moasnnMl,  jind  when  fornuMl  into  a  couple  should 
produce  a  high  electro-motive  force  with  practically  uniform  in- 
crease of  same  proportional  to  the  increase  of  temperature. 

1 6.  As  the  result  of  many  experiments  with  diflFerent  metals  and 
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alloys  to  determine  suitable  materials  to  meet  these  reqiiiremenfa^ 
couples  have  been  finally  adopted  which  consist  of  alloys  of  tungBteiiy 
steel,  nickel,  iron  and  copper;  different  alloys  being  employed  to 
suit  the  total  ranges  of  temperature  that  it  is  desired  to  have  the 
scale  cover. 

17.  Since  no  rare  metals  are  used  for  the  couples,  this  part  of 
the  pyrometer  is  inexpensive,  and  it  is  possible  to  employ  elemeiitB 
of  large  cross-section,  which  will  not  be  affected  in  their  resistanee 
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any  appreciable  amount  by  the  variation  of  temperature  along  tfal 
lengths  of  the  elements  forming  the  couple. 

18.  The  leads  to  the  indicator  are  made  of  flexible  insnlateil 
copper  duplex  cable,  and  of  ample  cross-section  to  praotieally 
eliminate  the  influence  of  variations  of  atmospheric  temperatnze. 

19.  The  cross-section  of  the  elements  of  the  couple  is  rednoed 
at  their  junction,  thus  rendering  it  sensitive  to  sudden  diianges  ol 
the  temperature  to  be  measured. 

20.  A  novel  feature  of  the  couple  is  that  it  is  made  8q[mraUb 
at  the  point  where  it  passess  through  the  wall  of  the  spaoQ  wid^iii 
which  the  temperature  is  to  be  measured. 
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21.  The  object  of  the  joint  is  two-fold :  first,  to  make  it  possible 
to  renew  the  "Fire-end"  whenever  it  may  be  necessary;  and  sec- 
ondy  to  permit  carrying  the  cold  ends  of  the  elements  to  a  point 
toward  the  floor  where  the  atmospheric  temperature  will  be  con- 
stant and  not  influenced  by  the  temperature  that  is  being  measured. 

22.  Fig.  3  shows  a  complete  element  with  separable  joint,  coiled 
leads  and  lamp  plug  on  the  end  of  the  cable  forming  the  leads  for 
convenient  connection  to  the  indicating  instrument  shown  in  Fig.  I. 

23.  A  special  feature  of  the  joint  is  that  it  is  provided  with 


Fig.  2. 


large  bearing  surfaces  to  prevent  possibilities  of  variations  of  re- 
•-i^^tancc  at  tlie  e<unuH*ti(Hi  and  is  coiistructcMl  to  allow  for  easily 
breaking  and  making  the  connection.  The  details  of  the  joint  are 
shown  clearly  in  Fig.  4,  and  from  this  it  will  be  seen  tJiat  it  is 
impossible  to  make  the  connection  incorrectly,  as  is  usually  done 
wlion  tliere  is  nothing  to  guard  against  it. 

ii4.  The  low  cost  of  the  couples  makes  it  practicable  for  the 
user  of  the  instrument  to  keep  an  extra  fire  end  in  reserve,  which 
may,  at  any  time,  be  quickly  substituted  for  the  one  that  has  been 
in  continual  service,  thus  affording  an  economical  and  positive 
check  upon  the  accuracy  of  the  instrument. 
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25.  The  elements  of  the  couple  are  independently  insulated  in  a 
novel  and  effective  manner  by  winding  each  with  asbestos  cord  and 
then  coating  the  surface  with  carborundum  paint,  a  solution  of 
silicate  of  soda  being  used  as  a  binder.  This  makes  a  clean,  com- 
pact and  smooth  insulation. 


Fig    :3. 

26.  Couples  thus  insulated  are  flexible,  and  can  either  be  applied 
to  the  heated  space  directly  or  they  may  be  inserted  into  a  pitoe  of 
ordinary  pipe  as  a  protection.  This  protection  has  proven  itself 
to  be  effective  and  economical. 

27.  For  continuous  applications  of  the  couples  to  temperatures 


Fig.  4. 

in  the  neighborhood  of  2,000  degrees  Fahr.  or  over,  special  pro- 
tecting tubes  of  nickel,  plumbago  or  porcelain  are  employed. 

28.  These  pyrometers  are  furnished  with  scales  for  total  ranges 
of  600,  1,200,  2,000  and  2,600  degrees  Fahr.  Eeproductions  of 
these  scales  are  sho^vn  in  Figs.  5,  6,  7  and  8. 
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29.  The  graduations  of  these  scales  are  determined  by  the  fus- 
ing temperatures  of  lead,  zinc,  aluminum  and  copper,  which  give 
sufficient  points  on  the  curves  for  use  in  making  a  complete  gradua- 
tion of  the  scales. 

The  divisions  are  also  further  checked  by  the  use  of  a  standard- 
ized Le  Chatelier  Platinum-Rhodium  Couple,  and  a  Sieman- 
Halske  Suspension  Galvanometer. 

For  very  open  scales  over  shorter  ranges  several  couples  may 
be  placed  in  series,  thus  making  it  possible  to  read  to  small  fractions 
of  a  degree. 

30.  A  novel  application  of  the  thermo-electric  couple  is  that  of 
determining  the  temperature  of  molten  metals,  as  cast  iron,  copper, 
brass  and  bronze.  It  consists  in  leaving  the  ends  of  the  elements 
disconnected  and  without  insulation.  When  these  ends  are  slightly 
immersed  in  the  molten  metal  it  makes  a  junction  between 
the  elements  and  the  reading  will  be  same  as  if  the  ele- 
ments of  the  couple  had  been  originally  joined.  The  advan- 
tage of  this  plan  is  that  the  reduced  cross-section  at  the  ends 
of  the  couple  allows  it  to  almost  instantaneously  attain  the  tem- 
perature of  the  molten  metal,  consequently  there  is  no  lag  error 
— a  most  important  advantage.  As  the  couple  is  used  over  and 
over  again,  the  ends  become  worn  away,  but  the  couple  is,  neverthe- 
less, always  ready  for  use  by  immersion  of  a  fresh  portion,  which 
will  not  be  changed  in  any  way  by  continued  use  and  will  give 
the  same  reading  for  a  given  temperature  as  if  the  couple  had  not 
been  worn  away.  A  joint  is  provided  near  the  end  that  is  im- 
mersed so  that  a  fresh  tip  can  be  applied  to  the  couple  before 
enough  of  the  end  has  worn  away  to  appreciably  afiPect  the  re- 
sistance of  the  complete  system. 

Compensators. 

31.  As  already  mentioned,  it  is  well  known  that  the  electro- 
motive force  generated  by  a  thermo-electric  couple  is  a  fimction 
of  the  temperatures  at  the  hot  and  cold  ends. 

32.  For  refined  measurements  it  is  therefore  necessary  to  make 
allowance  for  changes  of  temperature  at  the  cold  ends  of  the  couple 
wlirn  rcjidings  arc  taken,  unlc^ss  some  moans  is  provided  to  main- 
tain thcni  at  a  constant  temperature.  This  is  sometimes  done  by 
immersing  the  cold  ends  in  ice  water  or  by  having  a  water  jacket 
around  the  ends  through  which  there  is  a  flow  of  water  at  some 
known  temperature. 
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ZZ,  In  the  Low  Besktance  Themio-Eketrie  Prromeler  SjataBB, 
cfjmpATaUvelj  small  efaanges  in  the  actual  resistanee  of  llie  cbcnit 
inclnding  couple,  leads  and  instmment  will  pfiodnce  saBaeat  i 
Uj  correct  for  atmoepberic  changes  at  their  cold  enda. 

Z4.  A  compensating  device  to  antomaticallj  eotreet  for  i 
of  atmospheric  temperatures  at  their  cold  ends  has  been  deriaed 
which  makes  it  possible  to  dispense  with  the  cmnberscHne  mens 
for  maintaining  the  cold  aids  at  constant  temperature  or  llie  ne- 
cessitj  of  taking  readings  of  temperatures  at  the  cold  ends. 

35.  This  compensating  device  is  shown  in  Fig.  5.  It  ff^nfifiirt^ 
of  a  ^ass  bulb  with  a  short  stem,  similar  to  an  ordinaiy  miBt- 
curial  thermometer.  Two  platinum  terminal  wires  are  fused  into 
the  stem  near  its  top.  These  are  connected  within  the  bore  of  die 
stem  by  a  loop  of  fine  platinum  wire,  thus  completing  the  eiieoit 
as  indicated  in  the  diagram.     The  size  of  the  bulb,  the  cross-aectioQ 


Fig.  o. 

of  the  bore  of  the  stem,  and  the  cross-section  of  the  platinum  wire 
loop  are  proportioned  to  suit  the  case  in  hand. 

o(j.  The  compensator  will  perfectly  compensate  for  any  par- 
ticular fjoint  on  tlio  scale;  as,  for  instance,  the  working  point, where 
it  may  be  desired  that  the  reading  shall  be  absolutely  independent 
(if  changes  of  temperature  at  the  cold  ends.  It  will  readily  be 
seen  that  if  the  temperature  rises  at  the  cold  ends  the  mercury 
rising  in  the  stem  will  short-circuit  a  certain  portion  of  the  pla- 
tinum loop,  thus  reducing  the  resistance  of  the  entire  circuit  by 
exactly  the  necessary  amount  so  that  the  diminished  electro-motive 
force  of  the  couple  due  to  the  rise  of  temperature  of  the  cold  end 
will  send  the  same  amount  of  current  through  the  circuit  and  in- 
Hlrumcnt,  and  consequently  give  the  same  reading  as  if  there  had 
been  no  change  of  temperature  at  the  cold  ends. 

37.  The  compensator  acts  on  precisely  the  same  principle,  but 
in  a  reverse  manner,  w^hen  the  temperature  falls  at  the  cold  ends^ 
the  resistance  of  the  circuit  being  increased  as  the  column  of  mer- 
cury lowers  in  the  stem.     The  increase  produced  in  the  resistance 
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uf  the  circuit  prevents  the  increased  electro-motive  force  of  the 
couple  due  to  the  fall  of  the  temperature  at  the  cold  ends  from 
sending  an  increased  current  through  the  instrument,  therefore  the 
reading  remains  unchanged.  The  compensator  may  also  be  em- 
ployed within  the  indicating  instrument  to  correct  for  atmospheric 
changes  of  temperature  upon  the  instrument  itself  where  extremely 
accurate  results  are  required. 

38.  It  will  be  seen  that  a  compensator  of  the  form  described 
(^annot  as  conveniently  and  practically  be  applied  to  a  high  resist- 
ance indicating  instrument. 

General  Advantages  of  Thermo-Electric  Pyrometers. 

39.  As  compared  with  other  forms  of  apparatus  for  measure- 
ment of  high  temperatures,  the  thermo-electric  pyrometer  has  many 
advantages,  of  which  the  following  are  the  most  important: 

They  may  be  employed  where  the  space  is  extremely  small  and 
inaccessible.  They  are  practically  independent  of  temperature 
variations  intermediate  of  their  hot  and  cold  ends.  They  are  in- 
dependent of  pressure  and  rough  usage  at  the  point  where  the 
temperature  is  desired  to  be  measured. 

40.  The  indicating  instrument  can  be  located  at  the  most  con- 
venient point,  practically  at  almost  any  distance  from  the  couple. 
They  are  extremely  sensitive  to  changes  of  temperature  and  rc- 
s|)ond  instantaneously — that  is,  there  is  no  lag  error.  They  are 
constant  in  their  indications  when  the  couples  are  properly  pro- 
tected. They  ])ermit  the  determination  of  the  temperature  at 
many  different  points  by  means  of  several  couples  and  leads  con- 
nected to  one  instrument,  provided  with  suitable  switching  device. 

Special  Adranfagrs  of  Low  Resistance  System, 

11.  The  ini|)ortant  advantages  of  the  Low  Resistance  of  Thermo- 
Klectrie  Pyrometer  System  may  be  summarized  as  follows: 

First.  A  eonunercial  switchboard  or  portable  dead-beat  indica- 
ting instrninent  may  be  employed  instead  of  the  extremely  delicate 
suspension  galvanometc^r  re(|nired  for  use  with  a  single  platinum- 
rhodium  coiij)l(\  This  advantage  is  gained  by  the  fact  already 
stated,  that  the  thermo-electric  couplers  employed  give  several  times 
.M>  Minrli  clcctro-inotivc  foi-cc  as  tlu*  platininn-rho(linm  couples, 
which  is  ample  to  successfully  operate  a  pivot  instrument  if  of 
snfficientlv  low  resistance. 
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Second,  It  affords  a  practical  method  for  automatically  com- 
pensating for  the  changes  of  temperature  at  the  cold  ends  of  the 
couple,  as  already  described. 

Third.  It  makes  it  practicable  to  use  the  same  indicating  in- 
strument and  the  same  couple  for  different  total  ranges  of  tem- 
perature by  using  different  binding  posts  and  having  several  scales 
drawn,  the  proper  resistances  being  inserted  for  each  individual 
total  scale. 

Fourth.  The  application  of  low-priced  metals  and  alloys  as  a 
substitute  for  platinum  and  rhodium  makes  it  possible  to  install 
a  number  of  couples,  and  by  means  of  proper  switching  devices 
use  an  iustruinout  for  quickly  determining  the  temperatures  at  the 
locations  of  the  different  couples.  In  many  instances  the  first  cost 
of  the  expensive  platinum  elements  prohibit  their  use  in  this  way. 

Applications. 

42.  Many  applications  of  this  instrument  will  suggest  them- 
selves. A  few  of  the  important  ones  are  mentioned,  as,  for  ex- 
cxaniplo,  in  a  boiler  test  when  nineteen  couples  were  simultane- 
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uusly  applied  at  (liffereut  points  l)etween  the  furnace  and  the  flue. 
From  the  data  obtained  a  curve  was  drawn  showing  the  tempera- 
tures at  all  points  along  the  path  of  the  products  of  combustion 
from  the  furnace  to  the  flue,  the  abscissas  corresponding  to  the 
square  feet  of  heating  surface,  and  the  ordinates  to  degrees  Fahren- 
heit. The  value  of  such  data  for  investigating  and  studying  the 
economical  workin;;-  of  steam-power  plants  will  be  appreciated. 
The  couple  can  readily  be  applied  to  the  steam  space  of  a  boiler 
and  used  to  show  the  degree  of  super-heating. 

43.  These  instruments  have  also  been  adapted  to  and  are  espe- 
cially valuable  in  maintaining  the  desired  temperatures  for  an- 
nealing, hardening,  tempering  and  blueing  of  steel. 

44.  When  many  small  parts  are  handled,  as  in  the  manufac- 
ture of  watches,  a  practical  method  of  using  the  pyrometer  is  to 
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adapt  the  pot  containing  the  articles  to  the  end  of  the  couple  and 
use  it  as  a  handle  for  inserting  the  pot  into  the  furnace  or  into 
an  ordinary  forge  fire.  By  revolving  the  pot  it  is  heated  perfectly 
uniformly,  and  as  soon  as  the  proper  temperature  is  reached  it  is 
known  on  the  indicator,  and  all  guesswork  is  eliminated. 

45.  They  have  been  most  successfully  employed  in  lead-harden- 
ing baths.  For  this  purpose  the  couples  are  protected  by  wrought- 
iron  pipes,  and  will  last  for  months  without  renewal.  After  con- 
stant daily  use  for  many  weeks  the  couples  give  the  same  readings 
as  when  first  installed. 

46.  In  addition  to  making  it  possible  to  obtain  absolutely  uni- 
form results  with  a  given  lot  of  steel  it  has  been  found  that  the 
life  of  the  pots  have  been  increased,  as  they  are  not  overheated. 
From  this  fact  it  naturally  follows  there  must  be  an  economy  of 
fuel  as  a  result  of  using  the  pyrometer. 

47.  Application  has  also  been  made  by  galvanizing  baths,  aflFord- 
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iiig  means  for  keeping  the  molten  metal  at  the  proper  temperature 
for  the  work,  preventing  overheating  and  wasting  zinc  by  vapor- 
ization. 

48.  They  have  been  used  to  keep  molten  lead  at  correct  tem- 
perature in  the  manufacture  of  shot 

49.  These  instruments  have  also  been  tried  and  are  now  being 
tested  for  indicating  the  temperature  in  the  carbureter  and  super- 
heater of  a  Lowe  Water  Gas  Plant 

50.  Where  the  process  of  gas  making  depends  upon  proper 
temperatures  and  the  pyrometer  shows  when  the  steam  and  oil 
should  be  turned  off  and  the  blast  turned  on,  and  also  when  these 
operations  should  be  reversed  in  order  to  obtain  the  most  efficient 
results. 

51.  By  using  two  or  three  couples  in  the  carbureter  it  is  possible 
to  adjust  the  spray  of  oil  so  that  every  part  from  center  to  shell 
will  be  working  to  the  best  advantage. 

52.  The  instruments  have  also  been  successfully  employed  in 
flieniical  works. 
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53.  The  field  of  usefulness  seems  to  be  Terr  bitwdy  as  llie 
ment  can  be  adapted  to  meet  almost  any  indiTidnal  lequiiemcnL 

Discusgicn, 

Mr.  Gvs  6'.  Henning. — The  apparatus  described  and  shown  by 
Trofessor  Bristol  is  certainly  very  ingenious,  and  the  most  pne- 
ticable  thus  far  developed. 

The  promptness  with  which  changes  of  temperatoie  are  indica- 
ted IS  marvelous,  and  not  obtained  by  any  other  apparatos  used  for 
the  same  purpose. 

The  comparative  cheapness  is  also  another  good  point,  as  it  < 
thus  be  used  very  generally. 


Fig.  8. 

The  simplicity  and  cheapness  of  the  couple  is  also  a  very  ad- 
\  antageous  matter,  and  its  interchangeability  is  unique. 

The  fact  that  temperatures  can  be  correctly  and  continuously 
recorded  is  a  great  advantage. 

With  this  apparatus  the  expert  heater  is  no  longer  the  most 
important  personage  in  a  works,  and  cannot  play  the  tyrant  as  is 
so  commonly  the  case.  Once  having  determined  proper  tempera- 
tures in  furnaces  for  different  classes  of  work,  these  can  always  be 
reproduced  and  maintained,  and  it  is  no  longer  a  matter  of  guess- 
work. 
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Aloreover,  one  such  apparatus  with  a  switchboard  makes  it  ap- 
plicable to  a  great  many  furnaces  at  the  same  time. 

Prof,  Ira  U.  Woolson. — How  nearly  would  the  couple  check  on 
the  melting  point  of  copper  or  gold  ? 

Prof,  Wm,  H,  Bristol. — Exactly.  Since  I  use  the  fusing  point 
of  copper  to  determine  that  point  on  the  scale. 

Mr,  Thompson, — In  the  couples  in  which  you  used  an  alloy  of 
iron,  when  you  pass  the  transformation  point  of  the  iron  alloy, 
does  the  rate  of  increase  per  degree  C.  of  the  electro-motive  force 
change  ? 

Professor  Bristol, — I  have  not  tried  that  experiment 

Mr,  Henry  Souther, — After  some  twelve  years'  experiment  with 
pyrometers,  and  after  numerous  attempts  to  introduce  them  prac- 
tically into  commercial  surroundings,  I  appreciate  Professor  Bris- 
toFs  remarks  very  much.  It  seems  to  me  his  pyrometer  smooths 
out  a  great  many  of  the  rough  places,  and  that  it  is  of  a  more  prac- 
tical nature  than  the  Le  Chatelier  type,  with  its  necessarily  deli- 
cate .i!,nlvjni()iii('lcr.  Also  the  terminals  of  the  platinum  and  plat- 
iiniin-iridiimi  or  rhodium  tliornio-cou])lc  of  the  Le  Chatelier  type 
become  very  friable  with  use.  Professor  Bristol's  couple  seems 
to  overcome  this  objection.  The  difficulty  has  always  been  in  in- 
troducing the  Le  Chatelier  thermo-couple  that  every  once  in  a 
while  it  failed,  and  the  men  using  it  became  disgusted  and  side- 
tracked the  instrument. 

The  difficulties  in  the  way  of  the  use  of  the  pyrometer  have  been 
practical,  and  not  inherent  in  the  pyrometer  as  an  instrument. 
The  necessary  galvanometer  is  essentially  a  laboratory  instrument, 
the  thermo-couple  is  delicate  and  requires  nursing.  These  objec- 
tions are  very  serious  about  a  shop. 

The  use  of  a  pyrometer  in  a  furnace  where  there  are  hot  and 
cold  draughts  is  always  unsatisfactory,  and  I  believe  always  will 
be.  If  the  pyrometer  is  to  be  used  in  a  furnace  it  should  actually 
be  buried  among  the  parts  or  in  the  material  being  heated,  and  not 
subjected  to  the  draughts  of  a  furnace. 

The  ideal  use  for  a  pyrometer  is  in  connection  with  a  molten 
bath  of  lead,  cyanide,  salt  or  whatever  may  be  convenient.  The 
tem|)eratnre  of  such  a  bath  can  bo  perfectly  measured,  and  the 
material  immersed  in  it  accjuires  the  same  temperature  if  left  there 
long  enough.  The  personal  e(]uation  of  the  operator  disappears 
almost  entirely,  which  is  not  the  case  nor  can  it  be  in  connecti(m 
with  a  furnace  where  the  cou|)le  is  suspended  over  or  near  the 
work,  and  not  actually  in  contact  with  it. 


566 


A    LOW  RESISTANCE    THERMOELECTRIC    PTROMKTSB. 


Professor  Bristors  thermo-couple  will  stand  a  lot  of  aboae,  audi 
better  yet,  will  stand  immersion  in  molten  baths  for  a  oonaidenlik 
length  of  time.  His  electrical  instrument  is  not  of  the  ddicitB 
type  peculiar  to  the  high  resistance  platinum,  platinnm-iiiodiimt 
couple. 

It  is  for  these  practical  reasons  that  I  believe  the  Bristol  instni- 
ment  is  more  acceptable  than  any  other  type  presented  at  this  time. 

Mr.  R.  L.  Penney, — In  manufacturing  firearms  it  beootoet 
necessary  in  many  cases  to  be  able  to  determine  quickly  the  teat 
peratures  of  baths,  furnaces,  etc. 

The  first  kind  of  pyrometer  used  was  one  made  by  one  of  the 
well-known  companies,  but  we  soon  found  this  kind  to  be  as  yari- 
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able  as  the  weather,  and  could  not  be  depended  upon  for  anything 
like  accurate  work. 

The  Le  Chatelier  was  then  tried  and  found  to  give  ezoelleot 
results,  but  it  was  too  delicate  to  be  generally  employed  for  shop 
use.  It  required  a  rigid  foundation,  and  even  then  the  fiber  need 
to  suspend  the  needle  would  break  occasionally,  besides  trying  to 
kecf)  tho  temperature  of  the  eold  jimetion  constant  or  at  aero 
degree  C.  was  very  difficult. 

Beginning  with  last  June,  we  have  introduced  the  William  H. 
Bristol  Thermo-electric  Pyrometer,  and  at  present  we  are  nsing 
it  in  four  (4)  different  branches  of  our  work,  hardening,  temper- 
ing, blueing  and  annealing,  also  using  it  in  place  of  the  Le  Gha* 
telier  for  experimental  work.     The  results  obtained  so  far  leave 
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very  little  to  be  desired.  The  instruments  are  arranged  so  that 
the  workman  knows  just  what  he  is  doing,  and  the  element  of 
doubt  and  uncertainty  is  eliminated. 

The  hardening  furnaces  each  have  a  couple,  a  compensator, 
and  a  set  of  leads,  while  one  instrument  does  for  all.  The  instru 
mcnt  is  placed  on  the  wall  in  a  place  convenient  for  all  the  work- 
men; near  it  is  a  small  switchboard  containing  a  switch  for  each 
furnace,  the  switch  having  a  common  connection  to  the  instrument. 
The  leads  are  brought  from  the  several  furnaces  to  the  individual 
switches.  The  furnaces  and  switches  are  numbered  to  correspond. 
By  this  means  a  worknuni  who,  we  will  say,  is  working  on  No.  4, 
is  required  to  keep  his  furnace  at  a  certain  temperature.  He  goes 
to  the  switchboard  and  throws  in  No.  4  and  reads  the  temperature 
directly,  without  making  any  correction,  without  waiting  for  an 
oscillating  needle  to  come  to  rest.  The  couples  are  introduced  into 
these  furnaces  from  the  back,  the  fire-ends  being  enclosed  in  a  por- 
celain tube.  These  couples  have  required  no  attention  since  they 
were  set  up. 

The  same  scheme  is  applied  to  our  tempering  and  blueing  baths, 
using  a  lower  range  instrument.  In  these  last  two  applications 
accuracy  and  permanency  are  very  essential  points. 

With  these  pyrometers  as  now  in  use  we  are  enabled  to  obtain 
results  that  are  unchanging  from  day  to  day. 

In  annealing  these  instruments  and  couples  are  of  gi*eat  benefit. 
On  account  of  the  incxpensiveness  of  these  coujdes  we  use  two  for 
each  furnace,  one  to  measure  the  temperature  of  the  furnace  and 
another  to  measure  the  tem|)eraturc  at  the  center  of  the  box  con- 
taining the  work  to  be  annealed.  The  leads  from  each  couple  are 
cjirried  to  a  double-throw  switch.  The  workman  in  charge  throws 
the  switch  one  way  to  find  the  temperature  of  the  furnace,  and  the 
other  way  to  find  the  temperature  of  the  work. 

The  two  (•<)U{)les  are  introduced  togc^thcr  through  the  side  of  the 
furnace,  one  reaching  intr)  the  furnace  a  short  distance,  and  the 
other  extending  through  the*  fire  s|)ace  into  tin*  center  of  the  box 
through  a  \u)h  in  its  si(l(».  This  arrangement  has  been  found  to 
Ik*  satisfactory  and  enahlc^s  lh(^  workman  in  charge  to  handle  the 
furnac(^s  as  if  they  were  machines,  slacking  and  starting  them  up 
as  necessary. 

IFaving  compared  the  P>rist(»l  |)vronieter  with  the  Le  Chatclier 
i\\u\  t'onn<l  it  ac<Mirat(\  wc  ha\<'  used  il  for  ('\|)eriniental  work  in 
many  cases,  (»f  which  the  following  is  an  cxamph^:  Wishing  to  d(»- 
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termine  the  rate  of  the  rise  of  heat  in  a  case  of  cartridges  and  the 
temperature  at  which  they  would  explode  when  heated  gradually 
from  the  outside,  two  couples  were  introduced  into  the  case,  one 
a  short  distance  and  the  other  into  the  center.  The  instrument 
was  about  90  feet  distant,  and  heat  was  applied  to  the  outside  of 
the  case  which  was  enclosed  in  a  sheet-iron  oven.  The  heatiiig 
continued  until  all  the  cartridges  had  exploded.  The  cartridges 
exploded  one  by  one,  there  being  no  general  explosion.  On  exam- 
ining the  couples  after  the  explosion  they  were  found  to  be  bent 
and  twisted  out  of  shape,  but  no  indication  of  this  was  shown  on 
the  instrument  during  the  experiment.  One  looking  at  the  instru- 
ment would  not  guess  that  the  couples  were  being  used  so  roughly. 
The  temperature  rose  steadily  to  a  maximum  and  then  dropped. 
If  it  had  been  necessary  to  use  two  platinum  rhodium  couples  this 
would  have  been  an  expensive  and  difficult  matter. 

We  have  found  the  Bristol  pyrometer  to  be  one  that  can  be 
applied  to  every-day  shop  problems  successfully. 

Prof.  Wm,  Kent. — The  accurate  measurement  of  high  tempera- 
ture measurements  is  a  problem  of  ever-increasing  importance  to 
the  industrial  arts.  It  is  greatly  to  be  desired  that  those  who  ar© 
trying  to  improve  the  commercial  methods  of  measuring  high. tem- 
peratures will  be  able  to  produce  an  instrument  by  which  any 
temperature  up  to  3,500  degrees  Fahr.  may  be  read  by  a  workman 
as  easily  as  he  can  read  the  pressure  of  steam  in  a  steam  gauge, 
and  that  these  instruments  shall  also  be  reasonably  durable  imder 
sudden  alternations  of  temperature,  which  the  pyrometers  using 
porcelain  tubes  are  not. 

It  is  well  known  that  in  steam  boiler  practice  the  average  econ- 
omy of  any  boiler  ordinarily  is  at  least  ten  per  cent,  lower  than 
the  same  boiler  is  capable  of  when  all  the  conditions  of  run- 
ning are  exactly  what  they  should  be.  If  the  boiler  is  not  over- 
driven, the  variable  condition  which  influences  economy  the  most  is 
the  amount  of  air  supply  per  pound  of  fuel.  If  this  can  he  kept 
down  to  from  18  to  22  pounds  of  air  per  pound  of  carbon,  the  econ- 
omy will  be  a  maximum,  but  if  it  is  increased  to  30  or  40  poimds, 
as  very  often  happens  in  ordinary  boiler  practice,  th6  economy 
will  fall  off  rapidly,  especially  at  high  rates  of  driving.  The 
trouble  is  that  the  ordinary  fireman  has  no  means  of  knowing  when 
his  air  supply  is  just  right.  He  has  two  means  for  controlling  it, 
(1)  regulating  the  damper,  and  (2)  varying  the  thickness  of 
the  bed  of  fuel,  but  he  cannot  vary  it  intelligently,  for  he  has  no 
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means  of  measuring  or  indicating  the  air  supply.  It  can  be  in- 
dicated by  a  pyrometer;  for  the  less  the  air  supply,  provided  it  is 
not  so  small  as  to  make  imperfect  combustion  (which  is  not  likely 
to  take  place  below  18  pounds),  tlio  higher  is  the  tein|K)rature.  It 
is  possible  with  almost  any  kind  of  coal  containing  not  over  two 
per  cent,  of  moisture  to  obtain  a  furnace  temperature,  in  a  furnace 
roofed  over  with  a  fire-brick  arch,  of  3,000  degrees  Fahr.,  and  this 
temperature  can  be  maintained  if  the  firing  is  done  in  small  quan- 
tities at  frequent  intervals.  If  the  fireman  had  a  pyrometer  which 
would  indicate  just  what  his  furnace  temperature  was,  he  could 
so  adjust  the  thickness  of  the  fire  and  the  force  of  the  draft  to  main- 
tain tliat  temperature,  and  thus  obtain  maximimi  economy.  If 
such  a  pyrometer  could  be  made  with  a  registering  attachment,  so 
that  the  super  in  tondent  of  a  plant  might  at  times  know  what  tem- 
peratures have  been  maintained  in  a  furnace,  it  would  lead  to 
a  great  increase  in  economy  of  fuel  in  steam  boiler  plants. 

Several  years  ago  I  "had  an  opportunity  to  make  a  long  series 
of  boiler  tests  with  different  fuels,  and  in  these  tests  I  used  a  Ueh- 
ling  and  Steinbart  pyrometer  to  indicate  and  to  record  continuously 
the  furnace  temperatures.  With  Pittsburg  coal  I  was  able  to  hold 
the  temperature  always  between  3,000  and  3,300  degrees  Fahr. 
With  coals  higher  in  moisture  it  was  impossible  to  reach  3,000 
degrees,  but  such  temperatures  as  could  be  reached  were  main- 
tained within  a  range  of  200  and  300  degrees  by  means  of  firing 
every  five  minutes.  With  longer  intervals  of  firing  the  tempera- 
tures varied  more.  It  is  not  to  be  expected  that  this  pyrometer  can 
ho  regularly  used  in  steam  boiler  practice,  as  it  is  rather  expensive, 
an<l  requires  some  skill  in  handling  it  and  keeping  it  in  order,  but 
some  pyronioter  that  will  do  the  work  which  it  did  on  that  occasion 
is  greatly  to  be  desired. 

Another  branch  of  industry  in  which  measurement  of  high  tem- 
peratures may  prove  to  be  of  considerable  importance  is  the  weld- 
ing of  steel  pipe.  A  series  of  tests  made  by  Mr.  T.  N.  Thomson, 
of  the  International  Correspondence  Schools,  and  reported  recently 
to  the  American  Society  of  Heating  and  Ventilating  Engineers, 
shows  that  the  strength  of  the  weld  in  an  apparently  good  steel 
pipe  may  vary  anywhere  from  50  per  cent  to  90  per  cent,  of  the 
strength  of  the  steel  itself.  It  is  highly  probable  that  this  differ- 
ence in  the  strength  of  welds  is  due  to  a  difference  in  the  tem- 
pera turn  of  the  furnace  in  which  the  steel  is  heated,  and  if  so,  the 
use  of  a  pyrometer  would  help  in  the  discovery  of  the  proper  tem- 
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perature,  and  also  be  of  assistance  to  the  men  in  chaige  of  the 
furnace  to  enable  them  to  know  just  when  the  temperatuie  was 
right 

In  the  heating,  tempering  and  annealing  of  steel  the  qnestum 
of  temperature  is  all  important,  and  much  more  uniform  results 
could  be  obtained  if  pyrometers  were  used  by  the  workm^i  in 
charge  of  these  several  heating  operations. 

Mr.  Albert  A.  Cary. — There  is  probably  no  field  of  scientifie 
research  opening  tlie  way  to  more  useful  information  in'  the 
manufacturing  and  chemical  arts  than  careful  and  accurate  obser- 
vations of  the  effect  of  temperatures  upon  various  substances^  and 
also  the  thermal  study  of  furnaces  required  to  effect  these  beat 
actions. 

In  days  gone  by,  and  not  at  very  remote  dates  either,  we  have 
heard  of  wonderful  results  obtained  by  experimenters  treating  cer- 
tain substances,  or  combinations  of  materials,  by  heat;  audi  re- 
markable results  being  obtained  accidentally.  Weeks  and  months 
of  careful  effort  have  often  followed  such  accidental  discoveries  to 
reproduce  them,  but  without  avail. 

It  is  safe  to  assert  that  in  most  of  these  cases  an  accurate  knowl- 
edge of  the  action  of  heat  upon  these  substances  would  have  helped 
the  experimenter  to  reproduce  these  results  in  a  very  short  time. 
To  illustrate  roughly  the  importance  of  this  assertion,  I  Mrill  refer 
to  certain  thermal  information  necessary  to  alloy  work. 

Gold  and  copper  have  been  frequently  used  together  to  form  use- 
ful metal  mixtures,  and  for  a  long  time,  previously  to  a  compara- 
tively recent  date,  it  was  not  known  whether  the  fusion  or  freezing 
l^oint  of  copper  was  higher  or  lower  than  gold.  The  fusion  and 
freezing  point  of  gold  was  determined  quite  accurately  at  1,949 
degrees  Fahr.,  but  it  was  not  until  after  carefully  constructed  high 
temperature  measuring  and  recording  apparatus  was  used  that  the 
uncertainty  concerning  the  freezing  point  of  copper  was  settled, 
when  it  was  found  to  have  two  freezing  points,  viz.,  1,949  degrees 
Fahr.,  and  1,983  degrees  Fahr. 

The  higher  temperature  was  obtained  by  use  of  pure  metal, 
melted  in  a  graphite  crucible,  protected  from  the  air  on  its  upper 
surface  by  a  layer  of  powdered  graphite. 

The  lower  temperature  was  obtained  by  melting  the  copper  ex- 
posed to  the  oxidizing  effect  of  the  air,  and  in  the  course  of  or- 
dinary practice  all  sorts  of  freezing  temperatures  are  obtained 
between  these  two  limiting  degrees. 


^'.L^J^ 
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The  cooling  curve  of  copper  is  shown  in  tlie  cross-section  plot 
marked  A,  and  was  obtained  by  immersing  the  end  of  a  thermo- 
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electric  couple,  similar  to  that  shown  by  Professor  Bristol,  in  the 
crucible  containing  the  molten  metal.     Time  of  cooling  is  here 
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plotted  as  abscissa,  and  the  E.  M.  F.  of  a  platinum  and  platmum 
plus  10  per  cent  rhodium  thermo-couple,  is  plotted  as  ordinate. 

This  shows  the  molten  metal  heated  to  a  temperature  of  2,048 
degrees  at  10-27.  At  10-33  the  freezing  action  began  to  affect  the 
metal,  and  at  10-36  the  freezing  was  complete  at  1,983  Fahr. 
This  temperature  was  held  with  a  very  small  drop,  until  10-58, 
when  a  slow  cooling  commenced,  continuing  until  11-14,  and  then 
a  rapid  cooling  continued  to  the  end  of  the  observation,  when  a 
temperature  of  about  1,940  degrees  is  observed. 

The  behavior  of  antimony  in  cooling  is  decidedly  different  from 
copper,  as  can  be  seen  by  inspecting  the  cooling  curve  in  plot  B. 

At  10-51  we  start  with  molten  metal  at  a  temperature  of  1,179 
degrees  Fahr.,  and  at  11-08  we  find  a  drop  in  temperature  to  1,112 
degrees  Fahr.,  when  the  freezing  begins  and  continues  until  11-9^, 
when  the  freezing  is  complete  at  1,168  Fahr.,  after  which  follows 
a  somewhat  rapid  drop  in  temperature,  and  then  a  slower  fall. 

As  aluminum  presents  entirely  different  characteristics  in  freez- 
ing, I  will  show  the  cooling  curve  in  the  solid  line  of  plot  0,  and 
this  metal  differs  from  the  others  in  having  different  freezing  and 
melting  points,  the  latter  being  sho^vn  in  the  dotted  line. 

Aside  from  the  peculiar  behavior  of  such  metals,  subjected  to 
heat  treatment,  it  has  been  found,  through  delicate  and  careful  heat 
measurements,  that  in  many  chemical  products  certain  reactions 
and  combinations  take  place  between  narrow  ranges  of  tempera- 
ture, and  without  the  use  of  accurate  pyrometers  it  would  be  im- 
possible to  duplicate  these  products,  and  produce  them  uniform  in 
quality. 

The  recent  appearance  of  reliable  high  temperature  measuring 
devices  has  benefited  the  arts  in  more  than  one  direction. 

A  manufacturer  of  twist  drills,  reamers,  and  other  tempered 
steel  tools  told  of  a  rejection  of  over  10  per  cent,  of  his  finished 
product  when  he  was  depending  upon  the  judgment  of  his  em- 
ployees in  tempering  these  tools,  but  since  introducing  pyrometers 
for  controlling  the  temperatures  of  his  heat  treatments,  his  rejec- 
tion of  finished  tools  is  to-day  practically  nil. 

There  is  probably  no  metal  requiring  such  refinements  in  heat 
treatment  as  steel,  as  those  interested  can  find  by  referring  to  a 
lecture  by  the  late  Sir  William  Roberts-Austin  on  the  hardening 
and  tempering  of  steel,  delivered  before  the  British  Association 
in  1889,  and  published  in  Vol.  41  of  Nature. 

Generally  speaking,  the  state  of  pyrometry  in  this  country,  as 
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applied  to  manufacturing  and  chemical  industries,  is,  even  at  the 
present  time,  in  a  deplorable  condition,  and  many  of  the  instru- 
ments which  we  find  in  use  are  obsolete  and  unreliable,  and  in- 
capable of  leading  to  improvements  in  methods  of  manipulation 
or  in  refining  products. 

The  most  accurate  temperature  measuring  apparatus  in  common 
use  is  the  mercurial  thermometer.  The  first  limit  foimd  to  meas- 
urements of  high  temperatures  with  thermometers  was  due  to  the 
comparatively  low  boiling  point  of  mercury,  which,  under  atmos- 
pheric pressure,  is  676  degrees  Fahr. 

As  thermometers  have  been  constructed,  until  recently,  with  a 
vacuum  over  the  mercury  in  the  stem,  the  boiling  point  is  reduced 
to  a  lower  temperature  than  676  degrees,  and  550  degrees  has 
been  their  limit  of  indication.  Generally  speaking,  all  references 
to  instruments  which  measure  temperatures  above  this  degree  have 
been  termed  high  temperature  measuring  apparatus. 

In  order  to  raise  the  boiling  point  of  mercury,  thermometer  man- 
ufacturers began  by  introducing  air  under  more  or  less  pressure 
above  the  mercury,  and  then  sealing  the  tube.  Two  troubles  now 
a])peare(l — first,  the  mercury  began  to  oxidize  at  higher  tempera- 
tures, and  then  the  ghiss  began  to  soften  and  alter  in  its  dimensions. 

The  introduction  above  the  mercury  of  nitrogen  or  carbonic  acid 
under  pressure  did  away  with  the  oxidizing  effect,  and  better  glass 
was  produced,  which  decreases  greatly  the  expansion  with  per- 
manent set,  which  led  to  what  is  known  as  a  depression  of  the 
zero. 

A  glass  now  used  by  a  few  of  the  best  thermometer  manufac- 
lurcrs,  known  ju  Jona  HJ)  III.,  is  a  borosilioate  glass  which,  when 
used  for  thermometers,  has  a  very  small  zero  depression,  and  if 
properly  treated  the  thcrmonieter  made  from  it  can  be  used  safely 
at  a  temperature  of  1,000  degrees  Fahr. 

This  thermometer,  when  treated,  is  annealed  by  being  placed  in 
a  furnace  maintained  at  a  temperature  of  at  least  1,200  degrees 
Fahr.  for  not  less  than  75  hours,  and  then  allowed  to  cool  very 
slowly.  Such  an  instrnment  will  indicate  a  temperature  of  1,000 
don:roos  Fahr.  for  long  intervals  of  time,  with  no  material  variation 
or  depreciation  of  its  zero. 

This  mercurial  pyrometer  is  preferably  filled  above  the  mercury 
with  nitrogen  under  GO  pounds  pressure  per  square  inch,  and  on 
Mc(M)iiiif  of  \\\o  nilrop'U  ])r(v^suro  T  have  found  that  in  general  work, 
whore  required,  it  can  be  used  upside  do^vn  with  no  appreciable 
error. 
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The  limit  in  temperature  measurement  in  the  thermometer  thus 
constructed  is  due  to  the  softening  of  the  glass,  and  this  led  to  the 
investigation  of  quartz  for  an  encasing  material,  quartz  having  a 
fusing  temperature  of  over  4,000  degrees  Fahr. 

Owing  to  the  excellent  work  done  by  Ileraeus,  of  Hanau,  and 
Siebert  &  Kulin,  of  Cassel,  in  the  manipulation  of  quartz,  mer- 
curial quartz  thermometers,  nitrogen  filled  (under  very  high  press- 
ure) can  bo  obtained  which  will  safely  indicate  temperatures  of 
1,300  degrees  Fahr.  These  are  necessarily  very  expensive,  but 
owing  to  great  toii^lnicss  of  the  quartz  they  are  not  easily  broken 
and  are  very  durable. 

Pyrometers  of  this  construction  reading  to  much  higher  tem- 
peratures have  been  attempted  by  Dufour  in  France,  using  tin  in 
place  of  mercury  for  the  contained  liquid,  which  liquid  now  be- 
comes the  heat-limiting  material,  but  I.  understand  that  only  a  fair 
degree  of  success  has  attended  his  efforts. 

There  is  sometimes  a  material  error  attached  to  the  use  of  mer- 
curial thermometers  in  measuring  high  temperatures,  due  to  there 
being  only  a  fractional  part  of  the  stem  immersed  in  the  hot  bath, 
the  balance  projecting  into  the  cooler  air.  Under  such  conditions, 
with  several  hundred  degrees  temperature  being  measured,  the  cold 
upper  part  of  the  stem  will  cause  too  low  a  reading. 

C.  W.  Waidner,  of  the  United  States  Bureau  of  Standards,  has 
offered  a  formula  for  correcting  this  error,  which  I  have  found 
from  tests  with  my  calibrating  apparatus  to  be  quite  satisfactory. 
This  formula  is  as  follows: 

st(^m  correction  —  0.00016  n  (T — t)  degrees  Cent. 

and 
stem  correction  ^-  0.0000S8  n  (T— t)  degrees  Fahr. 
in  which 

n  ^--  Xumber  of  degrees  emergent  from  the  bath. 

T  =  The  temperature  of  the  bath. 

t  =  ^lean  temperature  of  the  emergent  column. 

These  corrections  may  amount  to  45  degrees  Fahr.  at  very  high 
temperatures. 

Above  1,000  degrees  Fahr.,  wo  are  now  driven  to  the  use  of 
some  other  form  of  temperature  apparatus,  and  I  have  found  noth- 
ing more  satisfactory  and  reliable  than  the  thermo-electric  pyro- 
meter in  measuring  temperatures  up  to  2,900  degrees. 

The  instrument  of  this  type  such  as  T  have  been  using  is  known 
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as  the  Modified  Le  Chatelier  Thermo-electric  Pyrometer,  and  dif- 
fers from  that  sliown  by  Professor  Bristol  in  being  high  in  cost, 
requiring  some  degree  of  delicacy  in  manipulation  as  well  as  ex- 
perience in  application,  but  it  is  certainly  a  very  sensitive  measur- 
ing instrument  and  accurate  beyond  question,  as  I  have  proved 
again  and  again  by  calibration. 

The  thermo-electric  pyrometer  is  by  no  means  a  new  apparatus. 
It  was  first  proposed  by  Becquerel  in  1826,  but  not  used  scien- 
tifically until  ten  years  later  by  Pouillct,  who  had  but  fair  success 
in  its  application. 

C  Earns  did  much  valuable  work  in  the  development  of  this 
form  of  pyrometer,  in  connection  with  his  work  when  attached  to 
the  United  States  Geological  Survey,  when  he  investigated  the 
temperature  at  which  the  various  igneous  rocks  were  formed;  while 
\jO  (Miatclier  did  an  ininiensc  amount  of  work  in  conncM'tion  with 
the  thermo-electric  as  well  as  the  optical  pyrometer,  and  he  intro- 
duced the  present  most  widely  used  couple,  composed  on  one  side 
of  pure  platinum,  and  on  the  other  side  of  platinum  alloyed  with 
10  per  cent,  of  rhodium,  and  that  was  somewhat  over  twenty  years 
ago. 

The  principle  of  the  thernio-electrical  couple  is  simple.  It  con- 
sists of  two  metals  joined  together  at  one  end,  and  when  heated 
at  this  juncture  a  weak  electric  current  is  established  wliich  Hows 
through  the  wires  to  a  delicate  galvanometer,  or  preferably  a  volt 
meter,  which  will  rea<l  to  1-1000  of  a  volt.  The  electro-motive 
force  of  this  current  is  a  function  of  the  temperature  which  gen- 
erates the  current,  so  by  noting  the  voltage  and  by  comparing  this 
reading  with  a  curve  formed  by  calibrating  this  same  couple  to 
a  nunilwr  of  fixed  temperatures,  we  are  able  to  determine  the  tem- 
perature* of  the  t-est. 

The  relation  l>etween  the  temperature  and  the  electro-motive 
force  may  be  expressed  mathematically  by  the  parabolic  formula  of 
two  terms : 

E  =-  a  +  b  (T  —  t)  +  b  (T2  — 12), 
in  which 

T  -  -  the  temperature  of  the  hot  junction, 
t  ■      the  temperature  of  the*  cold  junction, 
wliile  a,  b  and  c  are  three  known  measured  teni|)eratures 
such  as  the  freezing  points  of  zinc,  antimony  and  copper. 

This  is  an  empirical  formula  originated  by  Averarius  and  Tait. 
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The  two  metals  composing  the  element  (as  the  thermo-electric 
couple  is  called)  may  be  of  great  variety,  but  for  an  accurate  couple 
we  are  very  much  limited  in  our  choice  of  metals. 

As  the  range  of  the  apparatus  should  be  as  high  as  possible,  plat- 
inum, fusing  at  3,236  degrees  Fahr.,  suggest  itself  as  most  de- 
sirable, while  the  extended  researches  of  Le  Chatelier  showed  that 
the  best  metal  to  be  used  in  connection  with  platinum  was  an  alloy 
of  platinum  with  10  per  cent,  of  rhodium,  which  alloy  has  but  a 
slightly  lower  fusing  temperature  than  the  platinum  itself. 

Experiment  has  taught  that  for  an  accurate  and  reliable  couple 
the  metal  composing  the  element  must  be  the  purest  obtainable, 
as  well  as  homogeneous  throughout,  otherwise  parasite  currents  are 
set  up  which  are  fatal  to  accuracy. 


■llm 


Fig.   11. 

A  good  test  for  honiogeniety  is  to  connect  the  wires  of  a  couple 
ill  a  circuit  and  then  heat  tlieni  at  ditt'erent  parts  with  the  flame 
of  a  Bunsen  burner.  If  tlie  wires  are  homogeneous,  the  electro- 
motive force  set  up  in  the  circuit  will  be  very  small. 

Iron,  nickel,  palladium,  and  their  alloys  are  utterly  unsuited 
for  the  measurement  of  high  temperatures  on  account  of  the  rela- 
tively intense  parasite  currents  set  up  within  them. 

The  metal  used  in  elements  should  not  oxidize  readily  at  the 
temperatures  at  which  they  are  used,  and  they  should  not  be  read- 
ily affected  by  the  atmosphere  and  its  impurities  into  which  mix- 
ture they  are  plunged. 

Platinum  is,  unfortunately,  easily  affected  by  many  metaUic 
vapors  as  well  as  carbon  vapors,  and  silicon  at  high  temperatures, 
80  it  is  necessary  to  protect  these  elements  carefully  when  used  in 
such  surroundings. 
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Many  metals  become  brittle  after  long  intermittent  heating, 
doubtless  due  to  crystalization,  which  is  apt  to  affect  their  usoful- 
hess  for  accurate  temperature  measurements. 

When  platinum  couples  become  thus  brittle  they  are  easily  re- 
stored by  heating  them  for  several  hours  to  a  white  heat,  and  this 
is  best  done  by  passing  a  current  of  electricity  through  them. 

For  the  past  seventy  years  many  experimenters  have  used  almost 
every  known  variety  of  metals  to  construct  thermo-couples,  but 
for  many  reasons,  including  those  I  have  just  named,  none  has 
proved  as  satisfactory  and  lasting  as  the  platinum  and  platiniun 
with  10  per  cent,  rhodium  elements. 

Professor  Bristol,  the  most  recent  investigator  in  this  fiehl,  has, 
to  my  knowledge,  been  working  diligently  a  long  time  for  a  com- 
mercial solution  of  this  problem,  and  for  the  successful  application 
of  cheaper  metals  than  platinum,  for  elements. 

Nearly  all  of  the  previous  investigators  have  been  working  for 
the  highest  refinement  in  accuracy,  and  have  left  the  cost  of  the 
apparatus  they  develop  entirely  out  of  consideration,  as  well  as  the 
delicacy  of  the  instrument,  which  makes  it  almost  a  laboratc^y 
apparatus. 

Professor  Bristol,  as  I  understand,  has  worked  for  the  produc- 
tion of  an  apparatus  which  would  be  comparatively  low  in  cost, 
and  without  going  into  ultra-refinements  he  has  endeavored  to  pro- 
duce a  thermo-electric  couple  that  would  be  sufficiently  correct  for 
all  ordinary  commercial  and  manufacturing  applications. 

In  using  thermo-couples,  it  is  usually  necessary  to  protect  them 
from  surrounding  gases  and  vapors  by  some  kind  of  an  envelope. 
This  is  also  necessary  when  they  are  plunged  into  molten  metals. 
The  protecting  cover  may  be  a  steel  pipe,  but  this  cannot  be  used 
at  temperatures  exceeding  1,476  degrees  Fahr.  to  1,660  degrees 
Fahr.,  the  tube  becoming  soft  at  the  latter  temperature. 

T  linvo  nsod  soft  gray  oast-iron  pipos  up  to  toniporaturca  of  2,100 
degrees  Fahr.,  but  when  such  pipe  fails  in  the  furnace  it  is  apt 
to  fly  all  to  pieces  rather  than  soften  and  droop.  Asbestos  is  fre- 
quently used  to  cover  the  wires,  bnt  this  will  melt  between  2,192 
degrees  Fahr.  and  2,372  degrees  Fahr. 

For  liiglior  temperatures  porcelain  tiil)os  are  used,  but  they  are 
vory  fragile  and  expensive,  and  when  applied  in  a  furnace  care 
must  be  taken,  first,  to  heat  them  slowly  up  to  the  furnace  tempera- 
ture, and,  next,  you  must  see  that  they  are  uniformly  heated 
throughout  their  whole  length. 
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These  tubes  can  be  used  in  temperatures  nmniiig  from  8,750 
d^rees  Fahr.  up  to  2,900  d^rees  Fahr.  Such  tubes  must  be  of  a 
superior  quality,  and  the  best  are  manufactured  by  the  Boyal  Boif- 
lin  Porcelain  Works. 

When  tubes  surrounding  an  element  are  placed  in  a  herisontal 
position  they  sometimes  soften  and  bend.  Damage  to  Ifae  tube 
and  element  can  usually  be  avoided  by  slowly  revolviiig  die  tnbe^ 
which  will  cause  bending  in  the  opposite  direction,  and  thva  llie 
tube  may  be  straightened. 

The  two  wires  of  the  couple  must  be  insulated  one  from  the  eifaer 
when  placed  in  such  tubes,  and  this  is  accomplished  by  wimj^aig 
them  with  asbestos  or  slipping  them  in  asbestos  tubes,  or  by  tbieed- 
ing  them  through  small  fireclay  pipes,  such  as  made  by  Hall  4  Bre., 
of  Buffalo,  or  else  by  using  small  porcelain  tubes,  whidi  are  laade 
especially  for  this  purpose. 

The  readings  of  temperatures  taken  when  using  thermo-eleetm 
couples  show  us  the  difference  in  temperature  between  the  two 
ends  of  the  couple. 

*  By  this  I  mean  the  temperature  at  the  point  where  the  two  ends 
of  the  two  metals  are  joined  (known  as  the  hot  juncture)  a&d  llie 
outer  ends  of  these  two  wires,  projecting  outside  of  the  foUum 
(known  as  the  cold  junction),  where  the  copper  leads  oonneet  tbem 
to  the  electrical  measuring  instrument. 

^lost  couples  are  calibrated  with  their  gold  juncture  immeraed 
in  ice  water — i.e.,  at  32  degrees  Fahr. — and  therefore,  if  a  bif^ier 
temperature  exists  during  a  test,  at  the  cold  jimcture,  oenreotions 
must  be  applied  to  the  readings  indicated. 

This  feature  of  the  instrument  sometimes  leads  to  a  mncm 
error,  especially  when  flame  occasionally  darts  out  of  the  opening 
through  which  the  element  is  introduced. 

In  such  cases  I  have  usually  drawn  the  cold  juncture  a  litde  fa- 
ther out  of  the  furnace  so  as  to  bend  the  wires  down  into  a  badi 
of  ice  water,  but  in  ordinary  cases  I  loop  the  two  wires  near  Ae 
cold  juncture  so  they  will  hold  a  thermometer  and  take  xeadhiyi 
from  both  thermometer  and  millivolt  meter  at  the  same  time* 

Professor  Bristol  has  a  very  ingenious  method  for  eoneetfUig 
this  error,  due  to  heated  cold  junctures,  which  must  be  geQera% 
appreciated.  The  correction  of  this  error  corresponds  somewbat 
to  the  stem  correction  needed  for  mercurial  thermometers,  BMH* 
tioned  above,  but  no  further  correction  of  this  kind  is  needed  wiA 
the  thermo-electric  pyrometer,  as  it  makes  no  difference  whether 
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the  whole  element  is  immersed  in  the  hot  bath  or  whether  the  ex- 
treme end  alone,  including  the  hot  juncture,  is  heated,  the  radius 
will  be  the  same. 

The  thermo-electric  pyrometer,  like  all  other  scientific  and  en- 
gineering apparatus,  has  its  limitations.  It  can  only  be  used  to 
measure  temperatures  at  short  distances  from  the  interior  of  a  fur- 
nace wall,  being  thus  limited  by  the  length  of  the  element  as  well 
as  the  length  of  its  surroimding  cover.  It  cannot  be  used  to  meas- 
ure temperatures  above  the  fusing  point  of  the  metal  composing 
the  element,  nor  the  fusing  or  softening  point  of  its  surrounding 
protective  casing. 

When  temperatures  are  required  beyond  these  ranges  of  distance 
or  temperature,  I  am  using  optical  pyrometers.  I  have  found  the 
Warner  optical  pyrometer  wonderfully  accurate,  and  it  can  be  as 
carefully  calibrated  from  known  points  of  fixed  temperature  as  the 
thermo-electrical  pyrometer,  and  besides,  being  constructed  upon  a 
purely  mathematical  basis,  the  instrument  can  be  accurately  gradu- 
ated to  read  high  degrees  of  temperature  far  beyond  points  where 
we  have  any  means  of  calibration,  and  I  have  read  temperatures 
in  electric  furnaces  as  high  as  4,500  degrees  Fahr.,  knowing  that 
my  error  is  not  over  11  degrees. 

Mr,  E.  A,  U elding, — The  more  we  learn  about  the  effect  of  tem- 
perature in  operations  in  which  heat  is  a  controlling  factor,  the 
more  we  feel  the  want  to  get  out  of  the  realm  of  guessing,  into  that 
of  knowing,  and  as  means  have  been  gradually  developed  to  de- 
termine with  a  closer  degree  of  approximation  of  the  temperatures 
employed,  and  the  more  their  influnces  have  been  studied  the  more 
pronounced  has  become  the  desire  for  accurate  knowledge  of  the 
heat  r<M]iiir(^inonts,  and  hence  boat  measurement. 

From  what  we  have  seen  here  to-night  and  heard  from  Professor 
Bristol,  I  am  sure  that  we  arc  all  satisfied  that  a  most  valuable 
addition  has  been  made  to  the  means  for  measuring  accurately, 
moderately  high  temperatures. 

I  happen  to  be  one  of  those  of  whom  our  President  has  said, 
that  when  entering  from  the  college  into  the  field  of  metallurgy, 
found  a  most  deplorable  lack  of  knowledge  of  temperatures  em- 
ployed and  no  means  at  all,  or  at  best  very  inadequate  means  for 
measuring  sueh  temperatures.  Although  this  was  less  true  of  the 
blast  furnace  operations,  with  which  the  writer  became  most  inti- 
mately conjiocted,  yet  the  pyrometers  in  use  were  very  unsatisfac- 
tory.    From  the  time  of  the  introduction  of  the  hot  blast  by  Neil- 
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son  some  attempt  has  been  made  to  measure  its  temperatures. 
Bars  of  lead  and  zinc  were  used,  which  gave  some  indication  from 
which  a  guess  at  the  temperature  could  be  made.  Later  the  expan- 
sion pyrometer  came  into  quite  general  use. 

As  the  temperature  of  the  blast  was  increased  more  and  more, 
it  became  more  and  more  difficult  to  measure  the  same.  Recourse 
was  then  had  to  diluting  the  temperature  of  the  blast  by  the  intro- 
duction of  cold  air  before  passing  over  either  the  expansion  rods 
or  impinging  upon  the  bulb  of  a  mercury  thermometer,  as  is  the 
ease  respectively  in  tlie  Brown  and  Hobson  pyrometers. 

Arriving  at  the  temperature  with  these  instruments  is  on  a  par 
with  the  method  employed  by  the  Irishman  to  get  at  the  weight  of 
his  pig.  He  lays  a  plank  across  a  log  so  that  it  extends  equal 
distances  on  either  side,  then  places  the  pig  on  one  end  of  the  plank 
and  piles  stones  on  the  other  end,  until  they  balance  accurately,  and 
tlien  guesses  at  the  weight  of  the  stones,  which  must  necessarily 
be  the  weight  of  the  pig.  Now  this  method  is  not  as  absurd  as 
it  may  appear  at  first  glance.  A  man  familiar  with  stones  can 
guess  at  their  weight  much  closer  than  he  could  at  the  weight  of  a 

Similarly,  the  instruments  in  use  aided  materially  in  guessing 
the  temperature  of  the  blast. 

Feeling  very  keenly  the  want  of  an  instrument  which  would 
measure  temperatures  accurately,  the  writer  devised  numerous 
more  or  less  (generally  less)  satisfactory  means  for  measuring  high 
temperatures,  none  of  which  were  enough  better  than  those  existing 
to  be  worthy  of  further  development. 

Having  the  matter  continually  on  his  mind,  he  finally  struck 
upon  the  principle  upon  which  the  pneumatic  pyrometer  is  based, 
which  is  as  follows: 

The  pneumatic  pyrometer  is  based  on  the  laws  governing  the 
flow  of  air  through  small  apertures. 

If  two  such  apertures,  A  and  B,  Fisj.  11,  respeetivelj",  form  the 
inlet  and  outlet  openings  of  a  chamber  C,  and  a  uniform  suction 
is  created  in  the  chamber  C  by  the  aspirator  D,  the  action  will 
be  as  follows : 

Air  will  be  drawn  through  the  aperture  B  into  the  chamber  C, 
creating  suction  in  chamber  C,  which  in  turn  causes  air  from  the 
atmosphere  to  flow  in  through  the  a})crture  A .  The  velocity  with 
which  the  air  enters  through  A  dci>ends  on  the  suction  in  the 
chamber  C,  and  the  velocity  at  which  it  flows  out  through  B 


A    LOW  EESISTANOB    THEEMO-BLEOTEIO    PYEOMETEB.         581 

depends  upon  the  excess  of  suction  in  C"  over  that  existing  in  the 
chamber  C,  that  is,  the  effective  suction  in  C".  The  total  suction 
remaining  constant^  the  effective  suction  must  decrease  as  the 
suction  in  C  increases,  hence  the  velocity  at  which  air  flows  in 
through  the  aperture  A  increases  and  the  velocity  at  which  the  air 
flows  out  through  the  aperture  B  decreases,  until  the  same  quantity 
of  air  enters  at  A  as  passes  out  at  B,  As  soon  as  this  occurs  no 
further  change  of  suction  can  take  place  in  the  chamber  C. 

If  the  apertures  A  and  B  are  of  the  same  size,  and  the  tempera- 
ture of  the  air  is  the  same  while  flowing  through  both,  tlien 
equilibrium  is  established  when  the  suction  in  C  is  one-half  the 
suction  in  C 

Air  is  very  materially  expanded  by  heat.  Therefore  the  higher 
the  temperature  of  the  air  the  greater  the  volume,  and  the  smaller 
will  be  the  quantity  of  air  drawn  through  a  given  aperture  by  the 
same  suction.  Now  if  the  air,  as  it  passes  through  the  aperture  A 
is  heated,  but  again  cooled  to  a  lower  fixed  temperature  before 
it  passes  through  the  aperture  B,  less  air  will  enter  through  the 
aperture  A  than  is  drawn  out  through  the  aperture  B.  Hence 
the  suction  in  C  must  increase  and  the  effective  suction  in  C"  must 
decrease,  and  in  consequence  the  velocity  of  the  air  through  A 
will  increase  and  the  velocity  of  the  air  through  B  will  decrease, 
until  the  same  quantity  of  air  again  flows  through  both  apertures. 
Thus  every  change  of  temperature  in  the  air  entering  through  the 
aperture  A  will  cause  a  corresponding  change  of  suction  in  the 
Chamber  C.  If  two  monometer  tubes  p  and  g,  Fig.  11,  communi- 
cate respectively  with  the  chambers  C  and  C,  the  column  in  tube  q 
will  indicate  the  constant  suction  in  C"  and  the  column  in  tube  p 
will  indicate  the  variable  suction  in  the  chamber  C,  which  suction 
is  a  true  measure  of  the  temperature  of  the  air  entering  through 
the  aperture  A. 

To  embody  the  described  principle  in  a  practical  pyrometer, 
the  following  conditions  must  be  fulfilled : 

a.  The  air  must  be  dra^vn  through  the  apertures  with  a  constant 
and  perfectly  uniform  suction. 

b.  The  aperture  A  must  te  so  disposed  that  it  can  be  located  in 
such  a  manner  that  the  air,  before  passing  through  it,  must  have 
acquired  the  temperature  which  is  to  be  indicated.  The  parts 
exposed  to  the  heat  must  be  constructed  of  material  that  will  re- 
sist the  highest  heat  to  be  determined. 

c.  The  aperture  B  must  be  located  in  a  medium  of  constant 
temperature. 
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d.  Provision  must  be  made  that  the  apertures  remain  perfectly 
clean. 

e.  The  chamber  C  must  be  absolutely  tight,  so  that  no  air  can 
enter  except  through  the  aperture  A. 

The  complete  instrument  in  the  form  used  principally  for  an- 
nealing furnaces  and  similar  work  is  illustrated  in  Fig.  12.     The 


Fio.  12. 


Standard  Blast  Furnace  Pyrometer  is  shown  in  Fig.  13.  It  would 
take  too  much  time  to  fully  describe  the  pneumatic  pyrometer  here, 
but  the  writer  will  gladly  send  full  description  and  give  any  other 
information  desired  to  any  one  interested. 

We  have  to-day  three  forms  of  pyrometers,  each  fulfilling  the 
conditions  of  accurate  heat  measurement,  based  on  three  distinct 
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principles,  first,  the  pneumatic ;  second,  the  electric,  and  third,  the 
optic  principle,  each  of  which  has  its  own  peculiar  advantages. 

For  temperatures  above  the  melting  point  of  platinum  the  optic 
pyrometer  reigns  supreme;  for  temperatures  below  3,000  degrees 
Fahr.,  where  readings  are  to  be  taken  at  many  points  in  more  or 
less  rapid  succession,  the  electric  pyrometer  has  no  rival.     Both 


Fig.  18. 


these  instruments  have  the  advantage  of  easy  probability.  Where 
temperatures  are  to  be  continuously  indicated  and  recorded  at  the 
same  place,  or  for  longer  or  shorter  intervals  of  time  at  places 
within  a  radius  of  moderate  distance,  say  100  to  200  feet,  the 
pneumatic  pyrometer  answers  better  than  either  of  the  other  two. 
I  consider  the  continuous  autographic  record  of  the  temperature 
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involved  in  any  process  in  which  heat  is  a  amtrolling  faictor  td 
paramount  importance. 

In  this  respect  the  pneumatic  pyrometer  has  no  equaL  Anotlier 
feature  in  which  the  pneumatic  pyrometer  stands  alone  is  thtt  m 
addition  to  making  a  continuous  autographic  record  it  will,  if 
found  necessary  or  desirable,  indicate  the  temperature  at  several 
places  at  the  same  time. 

The  pneumatic  pyrometer  has  now  been  on  the  market  for  orer 
ten  years,  and  has  become  the  standard  blast  furnace  instrument. 
It  is  installed  at  over  75  per  cent,  of  the  blast  furnaces  in  this 
country  for  indicating  and  recording  both  the  teni]>eratures  of  the 
blast  and  the  top  gas.  It  is  extensively  used  in  England  and  aho 
on  the  Continent ;  three  of  them  went  to  Japan. 

The  highest  temperature  measured  with  the  pneumatic  pyro- 
meter was  3,350  degrees  Fahr.  This  temperature  was  found  in 
one  of  the  tube- welding  furnaces  of  the  National  Tube  AVorkf  at 
McKeesport.  For  the  first  few  hours  it  looked  as  though  it  might 
stand  up  under  this  high  temperature;  it  responded  promptly  to 
the  regulation  of  the  fire,  the  opening  of  the  furnace  door,  etc., 
but  after  about  twelve  hours  it  became  evident  that  it  indinateti 
too  low,  and  after  thirty-six  hours  the  pyrometer  showed  2|OO0 
degrees  to  2,300  degrees,  while  the  furnace  temperature  was  prftC- 
ticully  the*  same  as  when  the  pyrometer  was  first  inserted.  On 
oxuniination  it  was  found  that  the  inner  and  outer  platinum  tubes 
had  become  welded  together.  The  metal  had  become  so  soft  that 
tlui  a|)(»rturo  had  become  enlarged  by  the  current  of  air  paasinf 
through  it,  and  this  caused  the  indication  to  be  too  low-  The  upper 
limit  of  temperature  that  can  be  measured  with  the  pneumatic 
j)yr()motor  to-day  is  the  point  where  platinum  begins  to  get  very 
Hofl.  For  continuous  indication  2,500,  possibly  2,700  degre^t 
Kiihr.  cannot  safely  be  exceeded.  For  short  time  exposure  3^000 
(higHM^H  can  bo  measured,  but  for  all  heat  measurements  where  ftn 
aiiln^n'npliic  record  has  no  value,  tlio  oloctrie  pyri^meter  is  To  l.>e  pre 
ferred,  and  for  occasional  observations  of  temperatures  above  2,000 
dt'groes  Fahr.  Wahner's  optical  pyrometer  is  the  one  to  use- 
As  already  stated,  an  autographic  record  of  the  temperatures  on 
which  the  pyrometer  is  to  keep  you  posted  is  second  in  imporUnc* 
only  to  the  accurate  indication  of  the  heat  to  W  contfolled*  Ftg. 
I'l  A  shows  a  full-sized  twenty-four  hour  record  of  the  pneumnrie 
pyn)nu^tor  of  the  temperature  above  the  bridge  wall  of  a  tl^&m 
l>oilt>r.      This   record    shows   how   often   the   boiler   was   eoaUd, 
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when  the  fires  were  cleaned  and  the  time  consumed  for  this  pur- 
pose. It  also  shows  that  the  firing  was  done  quite  differently  be- 
tween 6  a.:m.  and  4  p.m.  than  from  that  time  on.  The  maximum 
temperature  of  the  fire  was  reached  much  quicker  during  former 
tlian  that  of  the  latter  period,  but  the  latter  period  shows  much 
higher  top  heats.  Without  the  autographic  records  these  and  other 
facts  can  be  brought  out  only  by  very  frequent  reading  and  labori- 
ous tabulation,  and  at  best  only  in  a  much  less  perfect  and  satis- 
factory way.  For  practical  control  of  important  heat  operations 
tlie  autographic  record  necessarily  adds  incalculably  to  the  value 
of  the  pyrometer.  The  same  principle  upon  which  the  pneumatic 
pyrometer  is  based  has  been  utilized  by  the  writer  in  the  develop- 
ment of  an  instrument  called  Gas-Composimeter,  which  will  con- 
tinuously indicate  and  record  the  per  cent,  of  CO2  in  any  given 
gas,  and  hopes  to  bring  this  instrument  before  the  Society  as  soon 
as  he  feels  fully  warranted  to  do  so. 

Fig.  14  B  show^s  an  autographic  record  of  the  CO2  contained  in 
the  chinmey  gas  of  a  steam  boiler  made  by  one  of  these  instru- 
ments. It  was  simultaneously  taken  with  the  temperature  record 
discussed  above. 

It  will  be  noticed  how  similar  these  two  records  are,  as  they 
necessarily  must  be.  It  should  be  observed,  however,  that  the 
change  in  the  condition  of  the  fire  which  caused  the  higher  tem- 
perature over  the  bridgewall  after  4  p.m.  produced  a  much  more 
pronounced  increase  in  the  CO2  of  the  products  of  combustion, 
hence  the  inference  seems  warranted  that  the  per  cent,  of  COo  is 
a  b(^tter  iudicator  of  economy  of  boiler  firing  than  the  tempera- 
ture over  the  bridge  wall. 

Professor  Bristol  has  acquainted  us  with  a  number  of  advan- 
tages possessed  by  his  thermocouple  over  the  platinum  rhodium 
couple,  of  which  the  most  important,  to  my  mind,  is  its  cheapness. 
This  fju'lor  will  accelerate  the  diffusion  of  knowledge  of  heat  treat- 
ment and  accentuate  the  necessity  of  accurate  heat  measurement, 
and  thus  broaden  the  field  of  practical  application  of  all  good 
pyrometers.  There  is  nothing  that  has  done  more  to  retard  the 
sciciHT  of  |)vn»nietrv  thnu  the  use  of  clieap,  inaecurate  and  unreli- 
able pvrouieters.  A  cheap,  accurate  and  reliable  instrument  as  that 
iA'  Trof.  r)rist(»l  promises  to  be  and  will  have  a  very  great  stimulat- 
ing eifeet. 

rrof.    Wni.   TI.   Bri.^tol* — For  the  rapid   measurement  of  the 

*  A<i<l(Ml  nftrr  pn  scntiition  of  j)a|tcr  nt  TiH»nllily  reunitui. 
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temperatures  of  objects  and  metallic  bodies  the  thermo-electric 
couple  may  be  employed  to  great  advantage.  For  illustration,  if 
it  is  desired  to  obtain  almost  instantaneous  indications  of  the  tem- 
perature of  a  metallic  plate,  the  ends  of  the  elements  forming  the 
hot  end  of  the  couple,  may  be  left  disconnected  and  reduced  to 
points  at  their  extremities.  If  the  pointed  ends  of  such  a  couple 
are  pressed  against  the  surface  of  the  plate  at  the  desired  point,  the 
metal  will  serve  as  the  electric  conductor  between  the  end  points 
of  the  elements,  and  their  junctions  will  immediately  assume  the 
temperature  of  the  plate,  giving  a  corresponding  instantaneous  re- 
sponse on  the  indicating  instrument. 

By  simply  pressing  the  points  of  the  couple  at  different  places 
on  the  metallic  body  the  different  temperature  at  the  various  points 
may  quickly  and  accurately  be  determined. 

For  application  of  this  form  of  the  couple  to  the  measurement 
of  the  temperature  of  objects  that  are  not  electric  conductors,  a 
thin  metallic  sheet  may  be  placed  on  the  surface  of  the  object  and 
the  couple  then  pressed  against  it. 

To  insure  that  the  temperature  of  the  junction  is  that  of  the 
object  itself,  a  sheet  or  layer  of  heat  resisting  material,  as  asbestos, 
may  be  applied  to  the  object  at  the  point  when  the  temperature  is 
desired. 

The  elements  of  the  couple  may  be  joined  in  the  usual  manner 
and  then  pressed  against  the  object.  When  so  made  this  method 
of  measuring  the  temperature  of  solid  objects  is  equally  applicable, 
whether  the  objects  are  electric  conductors  or  not. 

To  make  the  low-resistance  thermo-electric  pyrometer  applicable 
for  measurement  of  temperatures  as  high  as  3,000  degrees  Fahr. 
where  the  couple  is  to  be  exposed  to  the  full  heat  to  be  measured, 
metals  like  those  of  the  Le  Chatelier  couples  or  their  eqiiivalents 
having  high  fusing  points  must  be  employed.  A  compound  couple, 
which  will  serve  the  same  purpose  as  that  of  platinum-rhodium, 
has  been  devised,  but  which  is  less  expensive. 

It  consists  of  two  parts,  which,  together,  form  the  complete 
couple,  as  indicated  in  Fig.  15.  Tlie  part  whicli  is  exposed  to  the 
full  heat  to  be  measured  is  made  of  platinura-rliodium  and  is  of 
sufficient  length  to  reach  a  point  where  the  temperature  will  not 
exceed  1,200  degrees  Fahr.  From  this  point  to  the  extreme  cold 
ends  of  the  couple  the  elements  are  made  of  inexpensive  alloys,  as 
indicated  in  Fig.  15.  This  portion  of  the  couple  is  of  ample  cross- 
section  to  eliminate  changes  of  resistance  that  would  otherwise  be 
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produced  by  variations  of  temperature  along  the  length  of  the 
couple. 

Two  thermo-electric  junctions,  B  and  C,  are  introduced  into  the 
circuit  where  connection  is  made  between  the  low-priced  alloys  and 
the  platinum-rhodium  elements,  but  the  electro-motive  forces  gen- 
erated at  these  points  may  be  made  equal  and  opposed  to  each  other 
if  the  proper  alloys  are  employed. 

Although  no  common  metals  or  alloys  have  as  yet  been  found 
which  give  a  perfect  balance  or  neutralization  of  the  thermo-electric 
effects  for  wide  variations  of  temperature  at  the  secondary  junc- 
tions B  and  C,  it  has  been  determined  that  alloys  of  iron  and 
nickel  will  give  a  very  close  balance  for  ranges  of  temperature  from 
the  atmosphere  to  1,200  degrees  Fahr.  at  these  points.  For  this 
range  of  increase  of  temperature  at  the  secondary  junctions  there 
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Ffo.  15. 


is  a  small  positive  excess  of  electro-motive  force  which  may  be 
compensated  for  by  the  introduction  of  an  auxiliary  resistance  into 
the  circuit  in  close  proximity  to  the  secondary  junction,  the  re- 
sistance being  placed  in  series  and  made  of  material  which  will 
increase  in  resistance  with  the  rise  of  temperature  at  the  junction, 
and  consequently  the  compound  couple  taken  as  a  wliole  will  be 
the  same  as  if  the  entire  couple  was  made  of  the  platinum-rhodium 
elements. 

Automatic  continuous  records  of  the  indications  of  this 
pyrometer  may  readily  be  made  on  a  chart  sheet  which  is  arranged 
to  move  at  the  proper  rate  just  behind  the  end  of  the  indicating 
arm,  but  not  in  the  least  interfering  with  its  natural  motion.  The 
record  sheet  is  unsupported  over  its  active  portion  and  is  period- 
ically vibrated  by  the  clock  movement  into  (»ontact  with  the  end 
of  the  indicating  arm  and  produces  a  record  upon  the  chart  sheet 
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showing  its  position  at  the  instant  of  vibrations.  By  timing  thi 
period  between  tlie  vibrations  of  the  chart  the  contacts  may  be  made 
so  as  to  produce  a  continuous  record. 

The  record  may  be  made  by  ink  carried  by  the  indicating  arm  OT 
the  surface  of  the  record  sheet  may  be  coated  with  some  easily  re- 
movable substance. 

For  recording  automatically  rapid  changes  of  temperature^  a 
current  from  an  induction  coil  may  be  passed  from  the  end  of  the 
indicating  arm  through  the  chart  at  frequent  intervals. 

Mr.  George  11.  Barrus. — I  woud  like  to  ask  Professor  Bristol 
wliat  tlie  need  of  a  compensator  ia  on  his  instrument,  when  none 
is  used  on  the  Le  Chatelier  ? 

Mr,  Bristol, — The  Le  Chatelier  needs  one  and  needs  it  badlji 
for  with  this  instrument  it  is  necessary  to  make  correctionB  fof 
the  changes  of  temperature  at  the  cold  end  of  the  couple  in  ordear 
to  obtain  accurate  results.  A  thermo-electric  couple  depends  for 
its  operation  upon  the  difference  of  temperature  between  the 
two  ends;  antL whatever  metals  or  alloys  are  used  the  electromotive 
force  varies  in  some  proportion  to  the  difference  in  temperature 
between  the  hot  and  the  cold  ends.  Therefore,  to  obtain  perfect  re- 
sults, the  temj)erature  at  the  cold  end  must  be  maintained  con- 
stant or  readings  must  be  taken  with  some  other  thermometer 
at  the  cold  end  and  corrections  made  accordingly.  The  com- 
pensator device  obviates  the  necessity  of  either  providing  the 
constant  temperature  at  the  cold  end  or  of  taking  the  reading3 
and  making  the  corrections.     It  is  automatic  in  its  operation. 

I  have  known  of  a  case  where  the  Le  Chatelier  couple  was  used 
in  connection  with  an  annealing  or  malleable  iron  furnace  where 
no  provision  was  made  for  keeping  the  temperature  of  the  cold 
end  at  a  uniform  temperature  and  where  it  was  so  hot  that  the 
man  in  charge  of  it  had  to  use  heavy  gloves  in  handling  it. 

I  calibrate  these  instruments,  as  I  have  described  in  the  papCPi 
by  the  use  of  the  melting  points  of  different  metals,  and,  in  con- 
junction with  tliat,  I  also  use  a  standard  Le  Chatelier  pyrometef 
which  lias  been  calibrated  by  the  Eeichsanstalt  Laboratory  at 
J3erlin,  where  tlie  recognized  standards  of  temperature  are  main- 
tained. To  calibrate  by  the  melting  points  of  metals  I  generally 
take  copper,  lead  and  zinc,  using  a  molten  bath.  The  couple  is 
immersed  into  the  molten  metal,  and  kept  there  imtil  it  chills. 
There  is  a  very  decided  length  of  time  at  the  freezing  point  of 
tlie  metal  at  which  the  temperature  remains  constant  and  there 
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is  no  possibility  of  making  a  mistake  in  your  reading  of  that 
teinperiituro.  In  a  mass  of  metal  of  a  few  pounds  the  temperature 
may  l)o  hold  constant  for  half  a  minute  or  more  at  the  freezing 
])oiiit.  It  is  like  iee  water,  whore  the  temperature  will  stand  at 
o2  ck^grees  until  the  iee  is  all  melted,  except  in  freezing  the  action 
is  just  the  reverse.  As  molten  metal  in  a  crucible  freezes  and 
the  center  is  still  in  a  molten  condition,  the  temperature  will  re- 
main practically  constant  until  it  is  all  frozen. 

.]//'.  .1.  Bemcnt, — Keiser  &  Schmidt  of  Germany  make  a  form 
of  DWrsouval  galvanometer,  wherein  the  moving  coil  is  not  sup- 
]^orted  by  a  suspending  wire.  I  have  used  this  instrument  with 
the  high  resistance  elements  and  have  never  known  of  a  case  of 
(lauuige  to  it;  while  on  the  other  hand,  those  forms  using  the 
suspension  by  a  strand  require  handling  with  extreme  care. 

J^resldcnt  Taylor. — I  have  used  the  Le  Chatelier  pyrometer 
very  extensively,  and  I  can  say  that  it  is  a  most  unsatisfactory 
iustrnuH^nt,  as  everyone  knows  who  has  tried  to  use  it,  unless 
all  of  the  surrounding  conditions  are  favorable.  If  you  are  using 
it  in  the  ordinary  shop  in  which  furnaces  are  used  for  manu- 
facturing articles  commercially,  the  Le  Chatelier  pyrometer  is  an 
extremely  ditHcult  instrument  to  use.  In  our  case  we  immersed 
the  cold  end  in  a  stream  of  cold  water  in  order  to  keep  the  tem- 
jM'rature  of  the  end  uniform,  as  without  doing  so  it  would  have 
been  iiu possible  to  obtain  satisfactory  results,  as  we  had  to  take 
so  niauy  readings  and  continue  them  for  such  a  length  of  time 
thiit  some  apparatus  of  that  sort  was  necessary. 

1  want  to  say  for  all  of  us  who  have  used  pyrometers  that  I 
thiuk  Mr,  Bristol's  invention,  if  it  accomplishes  all  that  is 
claiuied  for  it,  is  invaluable.  It  meets  a  demand  which  has 
existed  duriug  the  last  twc^nty-five  years  and  I  am  ashamed  to  say 
that  uuiny  of  us  during  that  period  have  wasted  a  large  amount 
of  time  in  attempting  to  do,  without  success,  what  lie  has  ap- 
parently accomplished. 

J^rof.  ]V}}i.  11,  lirlslol.'^' — In  closing  this  ])aper  I  wish  to  ex- 
press my  appreciation  of  th(^  complimentary  and  encouraging 
n'mnrks  ma(h^  bv  l^-esid(Mit  1'aylor  and  others  who  have  taken 
j)jirt  in  the  discussion. 

1  trust  tliat  the  instrument  in  continued  and  practical  ev(M\v- 
i\i\y  service  will  fulfill  jill  e.\|)ectMtions. 

*  Autlior's  rlosiiiT,  uiidrr  the  Uules. 
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EFFICIENCY  TESTS  OF  TURBINE   WATER   WHSBLS.\ 

BY   WM.   O.   WEBBER,  BOSTON,   MASS. 

(Member  of  the  Society.) 

Abstract, 

These  are  records  of  a  series  of  consecutive  tests  under  unifpina 
conditions  of  four  water  wheels,  with  the  same  apparatus  and  thd 
same  observers,  to  determine  the  efficiency  of  the  wheels,  and  as- 
certain the  effects  of  corrosion  and  wear  upon  the  relative  efficienej 
of  the  wheels,  also  to  determine  whether  more  modem  wheels  would 
show  greater  relative  efficiencies,  and  whether  it  would  be  more 
economical  to  operate  all  of  the  wheels  at  part  gate  all  of  the  tiiiifi^ 
or  some  of  the  wheels  at  full  gate  part  of  the  time. 

The  tests  are  instructive  because  of  the  wide  range  of  speeds 
and  gate  openings  covered  systematically  and  consecutively.  Thej 
show  conclusively  that  water  wheels  should  .be  run  at  the  speed  for 
which  they  are  designed  under  any  given  head,  that  modem  wheel% 
with  coarser  buckets  having  a  spoon-shaped  discharge  depending 
below  the  guide  ring  of  the  wheel,  and  with  the  outer  periphery  of 
the  bucket  at  discharge  of  greater  diameter  than  the  bucket  at 
entrance,  would  give  much  more  power,  higher  speed,  and  greater 
efficiencies  from  the  same  water  than  from  wheels  of  older  d^ign 
without  these  modern  improvements. 

They  also  show  how  rapidly  a  complete  series  of  efficiency  tests 

*  Presented  at  the  Chattanooga  meeting  (May,  1906)  of  the  American  Society 
of  Mechanical    Kngineers,   and    forming   part    of    Volume   27    of    tlie    2Vllllf»* 
actions. 

\  For  further  discussion  on  this  topic,  consult  Tranaactions  as  follows : 
No.  61,  vol.  3,  p.  84  :  "  Efficiency  of  Tuihines,  as  afftcted  by  Form  of  fJate.** 

VVm.  O.  Webber. 
No.  24:J,  vol.  8,  p.  359  :  "  Systematic  Testing  of  Turbine  Water  WheeU."    R.  H» 

Tljur.ston. 
No.  665,  vol.  17,  p.  41  :    "Water   Power:    Its  Gen- ration  and  TmnsmlMdan,** 

Samuel  Webber. 
No.  666,  vol.   17,  p.  58:    "Water  Povrer  :    Caratunk  Falls,   KenneWc   RWer, 

Maine."    Samuel  McElroy. 
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of  a  wheel  can  be  made  with  properly  designed  apparatus  efficiently 
handled  by  a  corps  of  intelligent  observers. 

1.  These  teats  were  made  to  determine  the  efficiency  of  several 
turbine  water  wheels,  of  the  mixed  inward  and  downward  flow 
type,  which  has  gradually  been  developed  from  the  inward  flow 
reaction  wheel,  sometimes  called  the  Francis  turbine.  Some  of 
them  had  been  running  for  a  considerable  period  of  time,  and  ifwas 
desirable,  if  possible,  to  determine  what  effect,  if  any,  corrosion, 
wear,  and  other  processes  of  deterioration  had  had  upon  the  rela- 
tive efficiency  of  the  wheels,  as  compared  with  the  efficiency  of 
the  same  wheels  when  new,  and  the  relative  efficiencies  of  wheels 
of  a  similar  character,  as  constructed  at  the  present  time,  and  also 
to  determine  the  relative  efficiencies  of  the  wheels  at  different  speeds 
and  different  gate  openings. 

2.  The  wheels  consisted  of  two  vertical,  Risdon  wheels,  54 
inches  in  diameter,  made  by  the  Holyoke  Machine  Company, 
about  thirty  years  ago,  and  were  installed  in  separate  pen  stocks, 
side  by  side  \vith  crown  gears  engaging  with  beveled  gears  on  a 
horizont/al  jack  shaft.  T)iey  were  cylinder  gate  wheels,  with  rather 
closely  pitched  buckets,  the  buckets  being  of  the  same  diameter 
at  the  discharge  as  at  the  entrance,  and  at  full  gate  were  full 
reaction  wheels;  at  half  gate,  or  less,  they  were  simply  action 
wheels.  Each  wheel  vented  350  inches  of  water,  and,  under 
24  feet  head,  would  discharge  95  cubic  feet  a  second,  and  give 
221  horse-power  at  128  revolutions  at  minute,  equal  to  70  per 
cent  of  the  spouting  velocity  of  the  water,  under  which  condi- 
tions the  wheels  should  give  their  best  efficiencies. 

3.  These  wheels  were  called  respectively  the  North  and  South 
Risdon  Wheels,  and  were  used  to  furnish  the  power  for  two 
Worthington,  double-acting,  power  pumps  of  17^  by  88-inch 
stroke  plungers.  The  North  Risdon  wheel  buckets  were  all  whole, 
both  above  and  below  the  lx>ttom  of  the  flume.  In  the  South 
Risdon  wheel  the  buckets  were  O.  K.  below  the  flume  bottom, 
but  three  of  the  buckets  liad  pieces,  about  0  inches  long  and 
2  inches  deep,  broken  out  of  thoni  above  the  flume  bottom.  This 
wheel  was  (»<»rr<KhMl  and  cowrcMl  witli  barnacles,  which  had  to 
be  scraped  off  before  gate  could  be  fully  opened. 

4.  Another  wheel,  installed  in  another  flume,  was  a  40-inch 
Risdon,  double  capacity  wheel,  and  was  used  to  drive  an  electric 
light  dynamo,  in  the  same  manner,  through  crown  gear  meshing 
into  a  beveled  gear  upon  a  horizontal  shaft    This  wheel  was  of  a 
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later  development  than  the  other  Eisdon  wheels^  having  enlarged 
buckets  and  a  larger  diameter  at  the  discharge  than  at  the  en- 
trance of  the  wheel  bueketj  and^  although  normally  a  iO-inch 
wheelj  it  vented  practically  the  same  amount  of  water  as  the 
54-mchj  that  isj  340  indies  of  water^  with  a  discharge  of  93  cubic 
feet  a  secondj  giving  2  to  hoi^e-power  at  173  revolutions  per 
minute.  This  wheel  was  designated  as  the  Electric  Light  Wheel, 
and  was  about  ten  or  twelve  years  old.     It  was  in  perfect  order 
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Fia.  1.— Efficiency  Cubves.    39-mcH  Hercules  Wheel. 


below  the  flume  bottom,  but  had  three  small  nicks  in  the  bucketo 
above  the  flume  bottom. 

5.  The  fourth  wheel  was  a  39-inch  Hercules  wheel,  geared,! 
as  before,  to  a  Deane  geared,  double-acting  pump,  16^  by  3  5  J*  I 
inch  plungers,  the  ratio  of  the  crown  gear  on  wheel  to  beveled| 
gear  on  jack  sliaft  being  2  to  1.    This  wheel  was  of  a  later  develop- 
ment, in  which  the  pitch  of  the  buckets  was  much  coarser,  tlie  depth 
of  the  buckets  much  greater  in  proportion  to  the  diameter,  and  with 
the  bottom  of  the  buckets  depending  below  the  guide  ring  of  the  i 
wheel,  and  of  a  spoon  shape,  so  as  to  have  both  downward,  in- 
ward and  outward  flow  at  discharge.     The  outer  periphery  of  the 
bucket  at  discharge  was  of  larger  diameter  than  the  bucket  9^ 
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entrance.  It  vented  46G  inches,  delivered  127  cubic  feet  of  water 
p(^r  second,  and  gave  270  liorse-power  at  14G  revolutions  per 
minute,  all  on  the  basis  of  24  feet  head. 

6.  It  is  not  known  what  the  maker's  guarantees  were  on  the 
Risdon  wheels  at  the  time  they  were  originally  installed,  but 
probably  from  70  to  75  per  cent.  The  Hercules  wheel  was  prob- 
ably guaranteed  for  very  nearly  80  per  cent. 

7.  Tlio  jack  shafts  were  uncoupled  from  the  pumps,  so  that 
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cacli  wheel  eoiild  be  tested  separately,  and  the  pony  brake  was 
iipj)li(Ml  (lireetly  to  the  shaft  in  a  horizontal  position.  The  brake 
appuraliis  consisted  of  a  48-inch  diameter  by  26i-inch  face  brake 
pulley  rim,  fastened  by  slotted  holes  to  two  spiders  fitted  to  the 
jjick  shiift.  Iiilo  the  (Mid  of  this  shaft  was  screwed  a  stud,  carry- 
iiiiz:  ii  wt)nn  on  its  outer  end,  enc:a^ing  a  worm  wheel  having  100 
iccih,  oj)eratiiif^  a  goniz;  which  struck  once  in  every  100  revolu- 
tions (►f  the  wheel  shaft.  The  brake  rim  had  an  outside  flange 
to  hold  the  i)rake  in  j)hiee,  and  an  interior  flange  to  hold  water 
insid(»  the  rim  of  the  wheel. 

8.  The  brake  clamp  consisted  of  4J  x  §-inch  steel  bands,  hinge<l 
t<><;ether   and    fitted    with   15-inch   square  by   26-inch   long  maple 
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blocks,  entirely  enveloping  the  band  wheel.  They  w  re  clamped 
together  by  two  If-inch  diameter  screws  passing  timmgh  two 
clamp  castings  attached  to  the  ends  of  the  brake  bands.  Theae 
screws  were  operated  by  a  horizontal  hand-wheel  shaft,  having 
a  30-inch  hand  wheel  with  exterior  spokes,  and  a  ratio  of  gears 
of  two  to  one  to  the  clamp  screws.  The  under  side  of  the  geari 
fitted  to  the  clamp  screws,  and  the  wrought  iron  nuts  into  which 
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Fig.  3.— Power  Curvks.    South  No.  1.    54-tnch  Risdon  Wheex,  on  Wobtb- 
INGTON  Pumps.    Jack  Shaft  50  R.  P.  M.     Wheel  75.7  R.  P.  M. 

the  screws  were  entered  formed  ball  and  socket  joints  with  tbe 
clamp  castings  above  mentioned. 

9.  The  main  brake  beam  consisted  of  a  6-inch,  14J-pound  t 
beam,  securely  held  in  the  upper  of  the  two  clamp  castings,  j^t 
a  point  10  feet  6  inches  from  the  center  of  the  brake,  OH  the 
under  side  of  this  I-beam,  was  located  a  V-blook,  the  sides  <rf 
the  V  being  at  an  angle  of  90  degrees.     Situated  directly  a1)0V6 
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this  pointy  but  extending  at  right  angles  thereto^  was  a 'wrought 
iron  lever  of  10  to  1  leverage;  the  shorter  arm  being  6  inches 
and  the  longer  arm  being  60  inchea  This  lever  was  fitted  with 
three  l^-inch  knife  edges.  From  the  shorter  end  of  this  lever 
a  link  connected  with  a  clevis  sustained  the  outer  end  of  die 
main  brake  beam. 

10.  The  middle  fulcrum  was  carried  on  two  steel  plates  hav- 
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Kio.  4.— PowKR  Curves.    South  No.  1.    54.T2rcH  Risdon  Wheel  on  Wobth- 
iKOTON  PuMPH.    Jack  Shaft  48  R.  P.  M.    Wbbbl  65  R.  P.  M. 


ing  half-round  grooves  planed  in  them,  and  situated  on  the  top 
of  two  oak  posts  securely  bolted  to  an  adjoining  brick  wall.  To 
those  same  posts  were  bolted  two  bl<K»ks  confining  the  vertical  mo- 
tion of  the  main  brake  beam  to  a  distance  of  3  inches.  From  the 
longer  end  of  this  lever  depended  a  scale  pan,  provided  with 
weights  varying  from  5  to  20  pounds  each.  Depending  from  the 
main  brake  beam,  at  a  point  about  8  feet  from  the  center  of  the 
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brake,  was  a  hinged  rod  and  piston  loosely  fitted  mfco  an  18-inc!i' 
dash  pot  filled  with  crude  oil, 

11,  Into  the  interior  of  the  brake  wheel  wore  laid  two  streamj 
of  cold  water,  under  city  pressure,  through  f-inch  pipes,  and 
drawing  tliu  wai-jii  wattT  fmin  tlie  iuteriur  of  the  brake  wheel 
were  two  1-inch  siphon  scoop  pipea^  1  inch  in  diameter*  The 
brake  was  lubricated  with  beef  tallow,  forced  into  the  front  and 
rear  openings  of  the  brake  by  hand  and  by  wooden  paddles. 
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Fig.  5.— Efficiency  Curvks.     North  No.  2.    54-inch  Risdon  Wuskl. 

12.  A  float  gauge  was  established  in  the  flume  leading  to  each 
wheel  and  within  10  feet  of  the  wheel  in  each  instance.  Thi:* 
float  gauge  was  carefully  set  and  leveled  from  datum  points  estab- 
lished by  the  Water  Power  Company.  A  weir  was  constructed 
below  the  wheel  house,  into  which  all  of  the  tail-races  emptied* 
The  crest  of  the  weir  was  4  feet  above  the  bottom  of  the  tail- 
races,  and  the  weir  opening  was  29.43  feet  long.  A  perforated 
pipe  was  submerged  directly  back  of  the  weir,  and  a  hook  gauge 
was  set  up  directly  connecting  with  a  measuring  can,  winch  was, 
in  turn,  connected  to  the  perforated  pipe.  This  hook  gauge  was 
read  at  one  minute  intervals.  A  recording  hook  gauge  was  also 
set  up,  and  connected  in  similar  manner,  and  the  readings  checked. 
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Tlie  crest  of  tlie  weir  and  both  hook  gauges  were  carefully  leveled 
and  verified  by  two  persons  from  the  Water  Power  Company's 
datum. 

13.  The  leakage  on  the  Risdon  wheels  was  first  determined, 
and  one-half  of  the  leakage  was  subtracted  from  the  water  re- 
quired for  the  North  Risdon  wheel.      The  leakage  of  all  the 
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Fkj.  0.  — Powkk  Curves.    Noutu  No.  2.     54-ikcu  Risdon  Wheel  oh  Wokth 
INGTON  Pumps.    Jack  Shaft  50  K.  P.  M.     Whebl  75.7  R.  P.  M. 


wheels  was  then  measured,  and  three-fourths  of  this  leakage  was 
(le(hiet(Hl  from  the  South  Risdon  wheel.  A  similar  deduction 
was  made  in  reference  to  the  39-inch  Hercules  wheel.  The 
h»akage  of  the  three  Risdon  wheels  was  Uien  determined,  and 
two-thirds  of  this  leakage  deducted  from  the  Electric  Light  wheel, 
'i'he  leakage  of  all  the  wheels  was  then  determined,  and  another 
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column  prepared  showing  the  efficiencies  of  all  the  wheels  with 
all  the  leakage  deducted* 

14,  The  first  teats  were  made  on  the  39-inch  H^nstiles  wheels 
and  consisted  of  a  full  gate  test,  with  the  jack  shaft  running  al 
60  revolutions  per  minute,  corresponding  to  a  speed  of  120  revo- 
lutions per  minute  on  the  wheel  This  test  was  continued  for 
ten  minuteB  until  all  of  the  readings  became  steady*  A  test  at 
approximately  three-fourths  gate  opening  was  then  made  of  the 
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same  wheelj  at  the  same  speed,  then  at  half  gate,  then  at  threes -4; 
tenths  gate,  and  another  at  about  one-sixth  gate.  43| 

IS,  These  were  succeeded  by  tests  at  approximately  140  revo- 
lutions per  minute  of  the  wheel  at  three-fourth%  half,  and  a 
quarter  gate^  and  these  again  by  tests  with  similar  gate  opening, 
at  104  revolutions  per  minute  of  the  wheel*  These  tests  showed  ■ 
that  the  best  results  on  this  wheel  were  obtained  at  a  speed  of 
144  revolutions,  which  is  very  nearly  the  proper  speed  for  this 
sized  wheel,  under  23  feet  head.  The  crossing  of  the  efficiency 
lines  at  different  speeds  demonstrates  how  important  it  is  that 
water  wheels  should  be  rmi  at  the  proper  speed  for  wliidl. 


EFFICIENCY  TESTS  OF  TURBINE  WATER  WHEELS. 


599 


were  designed,  under  a  given  head  (see  Fig.  1).  This  wheel,  at 
the  speed  of  144  revolutions  per  minute,  arrived  at  its  maximum 
efficiencies  at  about  0.85  gate  opening,  and  continued  at  the  same 
rate  of  efficiency  to  full  gate  opening. 

16.  At  150  revolutions  per  minute  this  wheel  would  probably 
show  a  still  higher  efficiency  at  full  gate  opening,  but  would  show 
a  lower  efficiency  at  half  gate  opening  than  when  running  at 
144.  The  test  is  also  remarkable  in  showing  the  high  efficiencies 
of  75  per  cent,  at  0.4  gate,  85  per  cent  at  half  gate,  and  88  per 
cent,  at  three-quarter  gate,  and  would  undoubtedly  show  over 
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1)0  ])er  cent,  efficiency  at  full  gate  under  the  best  conditions  of 
speed. 

17.  The  next  series  of  tests  on  the  54-inch  South  Risdon  wheel 
w(Tc  made  at  quarter,  three-eighths,  one-half,  three-quarter,  and 
full  gate  openings,  with  the  wheel  running  at  67,  79,  91,  107 
and  122  revolutions  per  minute.  This  wheel  was  the  one  with 
the  broken  buckets,  and  the  results  are  shown  by  the  flat  places 
ill  the  ('iirv(s  on  Fi^.  2.  This  flatness  in  the  curves,  however,  is  a 
characteristic  of  all  tests  of  Risdon  wheels. 

18.  Power  curves  for  this  wheel  are  shown  in  Fig  3,  imder  dif- 
ferent heads,  at  75.7  revolutions  per  minute,  which  is  a  speed  lower 
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than  the  wheel  should  be  run,  henco  the  reverse  in  the  curves,  A 
second  diagram,  Fig.  4,  at  a  still  lowt^r  spcdd,  shows  a  greater  re- 
verse in  the  curves,  and  the  effect  of  tlie  loss  of  power  owing  to 
water  squirting  through  the  brotcn  buckets,  at  a  velocity  greater 
than  the  velocity  of  the  wheel.  In  other  words,  when  the  velocity 
of  the  wheel  corresponds  nearly  to  the  velocity  of  the  water,  under 
a  given  head,  the  effect  of  leakage  is  not  so  apparent. 

19.  The  next  series  of  tests  were  on  the  54-inch  North  Risdon 
wheel,  at  the  same  variety  of  gate  openingSj  and,  as  nearly  as 
possible,  the  same  speeds.     This  wheel  was  in  better  shape,  hatl 
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Fifl.  9  — Bkake  Wheel  op  Phony  Brake  for  Testing  6^?8  H.-P.  Tubbiks. 

no  broken  buckets,  and  gave  a  much  better  efficiency,  and  ia  alao 
freer  from  the  flatness  in  the  curves.  It  shows  again,  in  a  most 
marked  manner,  the  effect  of  speed  on  efficiency  (Fig.  6). 

20.  Fig.  6  shows  the  power  curves  of  this  wheel,  in  which  the 
reverse  of  the  curvature  is  noticeably  absent. 

21.  The  last  series  of  tests  were  on  the  40-inch  Risdon  Eleetrie 
Light  Wheel,  at  0.4,  0.5,  0.6,  0.75,  and  full  gate,  respectively,  at 
128  and  149  revolutions  per  minute  on  the  wheel,  whidi  are  hcHh 
below  the  proper  speed  for  this  wheel,  under  the  conditions  ob- 
tained (see  curves.  Fig.  7). 

22.  Fig.  8   shows   the   amount  of  water,   in  cubic  feet  pef 
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Kud  Klfvation  of  Kings 

w.o.  vfAer  Part  Side  Elevattoa 

I'Ki.  10.— DttTAih  OP  Pbony  Brake  Bands, 


End  EtoTMion 


second,  used  by  each  of  the  wheels,  at  different  percent- 
ages of  gate  opening,  and  at  the  different  heads  under  which  the 
tests  were  made.  The  reason  that  the  curve  of  the  South  Bisdon 
wheel  is  higher  than  that  of  the  North  Bisdon  wheel  is  undoubt- 
edly due  to  the  leakage  of  that  wheel.     The  difference  between 


Fio.  U.— Hrake  Beam  and  Connections  for  Pront  Brake. 
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the  Bi.'^don  wheels  and  tJie  Hercules  wheel  is  due  to  the  difference 
in  design  of  the  two  wheels,  and  shows  a  much  larger  ventage 
of  water  in  the  30-iiich  Hercules  wheel  over  the  40'inch  Electric 
light  wheelj  and  an  increasing  ratio  of  ventage  from  half  gate 
upward, 

S3*  These  tests  are  particularly  instructive  and  interesting, 
because  of  the  wide  range  of  speeds  and  gate  openings  cjovered 
sjetematically  and  consecutively,  under  practically  uniform  con- 
ditions, and  i\nth  the  same  apparatus  and  the  same  observers, 
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54-INCH   SOUTH  RISDON  WHEELS. 

April  20,  1905. 

Ratio  of  Jack  Shaft  to  WlieeU  1  : 1.513. 
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No.  110§.* 

EFFECT  OF  A  BLOW. 

BY  ALBXANDKK  W.   1I08BLBT,  CUIOAGO,  ILL.  AND  JOHN  LORD  BACOV,  CHICAOO,  ILL. 

(Member  of  the  Society.)  (Jonlor  Member  of  the  Society.) 

1.  Some  months  ago  one  of  the  writers  standardized  some  cop- 
per plugs  to  be  used  to  measure  the  pressure  exerted  by  an  emboss- 
ing press.  At  that  time  it  occurred  to  him  that  similar  methods 
might  be  applied  to  a  much  greater  extent  than  at  present  to 
measure  the  effects  of  machines  and  especially  to  measure  the 
effects  of  blows. 

2.  Power  and  steam  hammers  are  ordinarily  rated  by  the  weight 
of  the  moving  parts.  The  weight  and  shape  of  the  anvil,  founda- 
tion, frame,  anvil  block  and  hammer  block,  in  fact,  the  design  of 
the  hammer  in  almost  every  detail  as  well  as  the  weight  and  shape 
of  the  hammer,  rod  and  piston,  the  steam  pressure  on  both  sides 
ni  tli(^  piston,  and  the  amount  of  drop,  enter  into  the  effect  of  the 
blow. 

3.  The  effect  of  a  blow  is  the  measure  of  what  a  blow  does 
to  the  piece  struck ;  it  is  expressed  in  units  of  work,  and  the  change 
in  form  of  the  piece  struck  can  be  made  to  show  the  number  of 
foot  poimds  absorbed  by  it. 

4.  Fig.   1  gives  the  plot  of  the  permanent  lengths  given  to 
two  plugs  cut  from  a  coppered  Bessemer  steel  rod.     Each  was 

placed  in  an  Olsen  testing  machine,  loaded  to  the  amount  indi- 
cated, removed  and  calipered  in  length,  replaced  in  the  machine, 
loaded  to  th(^  nt'xt  liigh(»r  amount,  removed  and  calipered,  and  so 
on  to  the  largest  loads  indicated.  The  plugs  were  nominally 
J-inc^h  diameter  by  ^-inch  long,  but  they  departed  from  this  some- 
what. One  was  0.r)177-ineh  longer  by  0.500-inch  diameter  and 
the  points  for  it  are  indicated  on  Fig.  1  by  circles;  the  other  was 
0.r)14r)-inch  long  by  0.4?>8-inch  diameter,  indicated  by  crosses. 
The  ordinatcfl  in  Fig.  1  are  expressed  in  decimals  of  the  original 
length. 

T).  (^urve  A,  Fig.  2,  shows  the  plot  between  work  and  length. 

*  Prosoiited  at  the  Chattanooga  Meoting  (May,  1906)  of  the  American 
8rx,i('ty  of  Mechanical  Kngineers,  and  forming  a  part  of  Volume  27  of  the 
Transactions. 
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The  work  corresponding  to  each  len^h  was  found  by  plan!  metering 
the  areas— viz,  J  in  Fig.  1^  the  area  between  the  axis  of  lengthSj 
the  curve,  and  the  horizontal  through  0.80  repreeenta  145,4  foot 
pounds.    These  are  plotted  in  curve  A,  Pig-  2. 
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Curve  Aj  Fig*  2,  is  the  standard  work  curve  for  the  ^-iiicli  hy 

^-inch  plug, 

6,  Curve  B,  Fig,  2^  shows  the  effects  of  the  blows  of  a  Bement- 
Miles  200-pouBd  steam  hammer  under  known  amounts  of  kinetic 
energy.  The  hammer^  piaton  and  pisfeon-rod  weigh  195  pounds  snd 
the  hammer  can  be  raised  to  a  height  of  13<5  inches.  Kodd  of 
lengths  6^  8,  10,  12.1  and  13.4  inches  long,  respectively,  were  used 
to  support  the  hammer  above  the  anvil.  After  carefully  locating 
the  plug  on  the  center  of  the  anvil^  the  support  was  knocked 
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from  under  the  hammer.  In  measuring  the  kinetic  energy  the 
length  of  the  plug  after  the  blow  was  subtracted  from  the  length 
of  the  rod.  (The  cylinder  was  removed  and  the  packing  loosened 
during  these  tests.) 

7.  The  following  details  are  recorded : 

All  plugs  were  annealed  by  heating  to  redness  and  allowing  to 
cool  in  the  air. 

All  plugs  were  of  Bessemer  steel  rod. 

In  the  testing  machine  the  plugs  were  oiled  with  a  thin  film  of 
light  oil  and  compressed  between  hardened  and  ground  steel  plates. 
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In  the  drop  tests  (without  steam)  the  plugs  were  oiled. 

The  anvil  block  had  been  newly  dressed  and  was  slightly  rough 
from  (lie  tool. 

The  rebound  of  the  hammer  seemed  negligible  and  no  attempt 
was  made  to  allow  for  it. 

S.  The  annealing  is  a  matter  of  importance,  as  is  evident  from 
the  following,  obtained  in  the  testing  machine  on  J'inch  by  i-inch 
plugs: 
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Change  in  length  from 

unit  length  to  0.90      0.80      0.70      O.CO      0.50      0.40 

Foot  pounds  annealed      60.8    145.4    251.7    383.1     550*^    7ti0.1 
Foot  pounds  unannealed  06.2    156.4    262.9    404.3    570  J     787.1, 

9.  On  comparing  the  curve  of  the  effects  of  the  blows  with  tlie 
curve  of  work,  it  is  apparent  that  a  part  of  the  energj^  is  lost;  in 
this  particular  case,  between  lengths  1.00  and  0.80,  it  requires 
about  1.45  units  of  kinetic  energy  to  do  1.00  unit  of  work  on 
the  plug.  This  means  a  loss  of  effect  in  the  blow  of  about  31  per 
cent 

10.  Drop,  tests  and  work  tests  were  made  on  |-inch  diameter 
by  f-inch  plugs  between  the  lengths  1.00  and  0.60  with  a  rciiulting 
loss  of  about  29  per  cent. 

11.  Owing  to  the  fact  that  the  largest  kinetic  energy  due  to 
the  drop  of  the  hammer  under  gravity  was  only  sufBcient  to  change 
the  length  of  the  plugs  from  1.00  to  0.80,  curve  B,  Fig»  2,  may  not 
be  reliable  for  reductions  in  length  by  a  blow  to  less  than  about 
0.75.  To  test  the  full  effect  under  steam  of  the  Iiammer  mentioueil 
above,  at  first  three  and  then  four  plugs  were  put  on  the  nmi) 
together.  In  the  former  trial  the  aggregate  effect  of  blow  was 
489  foot  pounds  (taken  from  curve  A),  and  the  kinetic  energy 
was  692  foot  pounds  (from  curve  B).  In  the  latter  ease  the 
aggregate  effect  of  the  blow  was  616  foot  pounds  and  the  kinetic 
energy  was  872  foot  pounds.  Both  blows  were  intended  to  be 
the  heaviest  blows  of  the  hammer.  It  was  decided  to  eonsidor  the 
difference  in  the  strength  of  the  blows  as  due  to ^ ^acei den taF* causes 
A  reasonably  certain  ^'heaviest  blow"  could  best  be  ascortaiixed 
after  several  trials. 

12.  Each  of  two  |-inch  by  ^-inch  plugs  was  triven  the  full  bk>w 
of  the  hammer.  Curve  A  showed  that  one  absorbed  675  and  llifi 
other  705  foot  pounds  with  a  mean  for  the  two  of  690  foot  poim<k 
In  view  of  the  marked  difference  cited  in  paragraph  11,  it  seems 
fair  to  assume  that  each  case  is  a  measure  of  the  actual  energy 
absorbed  from  the  blow,  and  that  the  total  (mean)  kinetic  energj^ 
was  about  690  x  1.45  or  1,000  foot  pounds,  af  which  310  f*H>t 
pounds  were  lost. 

13.  By  the  methods  suggested,  two  import^mt  results  c:m  be 
accomplished  for  any  particular  hammer,  viz. : 

a.  With  a  standard  plug  the  effect  of  a  blow  can  be  ineaf?tired, 
6.  With  a  standard  plug  and  the  kinetic  energy  of  the  hammer 
at  the  instant  of  the  blow  known  the  loss  of  energy    an  be  founJ* 
Further,  it  would  seem  that  such  standard  ph       made  of  ma* 


I 


1U 


EFFECT  OF  A  BLOW.  609 

tcrials  and  dimensions  to  suit  the  size  of  hammer  and  to  insure 
the  absorption  of  the  hammer  energy  without  injury  to  the  hammer 
and  anvil  blocks,  would  serve  as  the  means  of  rating  hammers  for 
purposes  of  comparison  and  sale. 

All  tests  were  made  in  the  Strength  of  Materials  Laboratory  and 
Forge  Shop  of  Lewis  Institute. 

DISCUSSION. 

Vrof.  D.  S,  Jacohus, — I  do  not  think  the  method  adopted  by 
the  autliors  is  logical,  as  the  hammer  struck  the  plugs  at  a  much 
liiglicr  sp(HMl  when  operated  with  steam  pressure  than  it  did 
when  tin*  (calibrations  wore  nuide,  and  the  hammer  was  simply 
allowed  to  fall  on  a  plug.  The  correct  way  to  attack  this  problem 
would  1)0  to  investigate  the  effect  of  striking  the  plugs  at  different 
velocities  with  a  falling  weight  so  adjusted  that  the  work  done 
in  falling  would  renuiin  constant,  and  to  note  whether  under  these 
conditions  tlu^  amount  that  the  plugs  are  compressed  is  independent 
of  tlie  speed  of  the  blow.  That  is,  experiments  should  be  made 
to  show  whether  twice  the  weight  falling  one-half  of  the  distance, 
(►r  four  times  the  weight  falling  one-quarter  of  the  distance, 
will  give  the  same  com])ression  as  that  found  in  the  tests  re- 
corded in  the  ])aper.  Unless  the  amount  of  compression  is  shown 
to  be  iude]>endeut  of  the  s])eed  of  the  blow  it  is  not  logical  to 
use  one  set  of  experiments,  in  which  the  mass  of  the  falling  weight 
is  not,  varied,  and  assume  that  the  ratio  between  the  work  required 
to  eoiupress  the  ]>lugs  a  given  amount  with  the  falling  weight  and 
with  a  gradually  increasing  load  will  hold  for  any  velocity  at 
which  the  hanuner  luay  strike  the  jdugs. 

Messrs.  Mosch'ii  and  liaron,'^' — The  thing  sought  was  the  meas- 
ure <d"  the  effect  of  a  blow.  Tlu»  work  required  to  change  the 
shape  of  the  ])lugs  was  measured  in  the  testing  nuichine  under 
j>rcssnre  with  vcdocity  a  negligible  cpiantity.  The  writers  have 
considered  the  lik(dihood  of  errors  in  the  areas  of  Fig.  1  due 
to  the  (doiigation  of  the  plugs  after  their  removal  from  the 
iiiMcliiiie.  This  error  is  small  du(^  to  the  small  amount  of  recovery 
ill  length  uuder  such  (*onditi(His.  ('urve  A  gives  \\\o  work  done 
(»n  the  j)liigs  aud  hence  the  measure  of  the  eff(»et  of  th(»  blow.  The 
crilicisni  is  in  reality  a  suggestion  for  further  experinumts  some- 
\\\\'A\  Mside  from  the  immediate  obj<'ct  of  th(»  paper.  The  results 
ti(  such  experiments  would  be  valuable. 

*  Author's  closure,  under  the  Rules. 
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No.  1109.» 

REPORT  OF  COMMITTEE  APPOINTED  TO  COOP- 
ERATE WITH  THE  PENNSYLVANIA  RAILROAD 
SYSTEM  IN  CONDUCTING  TESTS  OP  LOCOMO- 
TIVES AT  THE  LOUISIANA  PURCHASE  EXPOSI- 
TIONA 

To  THE  American  Society  of  Mechanical  Enoinbjebs: 

1.  At  the  Saratoga  meeting  (June,  1903)  the  Society  leoeived 
a  communication  over  the  signature  of  Mr.  J.  J.  Turner  and  Mr. 
Theodore  N.  Ely,  representing  the  Pennsylvania  Railroad  Sjf*- 
tem,  and  Mr.  Willard  A.  Smith,  representing  the  Louisiana  Pur- 
chase Exposition,  setting  forth  certain  plans  of  the  Pennsyhrania 
System  with  reference  to  tests  of  locomotives  at  St.  LoniS|  and 
requesting  that  a  committee  of  the  Society  be  appointed  to  co- 
operate with  the  officials  of  the  railroad  system  in  the  adyanesmeat 
of  this  work.    On  motion,  the  Society  voted  that  such  a  committee 

*  Preseoted  at  the  Chattanooga  Meeting  (Maj,  1906)  of  the  AmeiiGUi  Soeki^ 
of  Mechanical  Engineers  and  forming  part  of  Volume  37  of  the  TrmM 
a/^tions. 

f  In  formulating  its  report,  the  committee  of  this  Society  has  work<>diD  oosjiiae- 
tion  with  a  similar  committee  of  the  Master  Mechanics'  Association,  the  effort  btll|( 
to  secure  a  document  which  would  serve  both  organizations  as  a  joint  re|MNik  As 
a  consequence  of  this  arrangement,  a  report  similar  in  all  epsential  ret^peels  wttik 
this  will  be  presented  by  the  committees  of  the  Master  Mechanics'  AamndMkmW 
the  Annual  Convention  of  the  Association  in  June. 

f  For  further  discussion  on  this  topic  consult  Transactions,  as  follows: 
No.  490,  vol.  xiii.,  p.  427:  "  An  Experimental  Locomotive."     W.  P.  M.  €NiSB. 
No.  542,  vol.  xiv.,  p.  826:  '*  Tests  of  the  Locomotive  at  the  Laboratory  of  Pardae 

University."  W.  F.  M.  Goss. 
No.  552.  voL  xiv.,  p.  1312:  "  Report  of  Committee  on  a  Standard  Melhoi  #€ 

Conducting  Locomotive  Tests." 
No.  885,  vol.  xxii.,  p.  453:  "Tests  of  the  Boiler  of  the  Purdue  Loeomollfi^*' 

W.  F.  M.  Goss. 
No.  1082,  vol.  XXV.,  p.  550:  '*Road  Tests  of  Consolidation  Freight  LoeomeiltvQik'*  ^ 

E.  A.  Hitchcock. 
No.  1033,  vol.  XXV.,  p.  589:  "Testing  Locomotives  in  England." 
No.  1039,  vol.  XXV..  p.  827:  "  Ix)comotive  Testing  Plants."     W.  P.  M.  UmB, 
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be  appointed,  and  the  President  subsequently  named  the  under- 
signed to  constitute  its  membership. 

Your  committee  thus  constituted  would  now  report  that  it  has 
performed  the  functions  for  which  it  was  appointed,  and  pre- 
sents herewith  a  statement  covering  the  part  which  it  has  taken. 
It  presents  also  a  brief  summary  of  the  results  which  have  been 
obtained  from  the  tests. 

2.  TliG  Pennsylvania  Organization, — The  responsibility  for  the 
tests  at  St.  Louis  rested  with  the  following  officials  of  the  Penn- 
sylvania System: 

J.  J.  Turner,  Third  Vice-President,  Pennsylvania  Lines  West 
of  Pittsburgh. 

Theodore  N.  Ely,  Chief  of  Motive  Power,  Pennsylvania  Rail- 
road System. 

F.  D.  Casanave,  Special  Agent,  Pennsylvania  Railroad  Sys- 
tem. 

E.  D.  Nelson,  Engineer  of  Tests,  Pennsylvania  Railroad  Sys- 
tem. 

(cooperating  with  these  were  the  heads  of  certain  scientific  and 
technical  departments  of  the  Railroad  System,  and  especially  Mr. 
A.  W.  Gibbs,  General  Superintendent  Motive  Power,  and  Mr. 
A.  S.  Voc:t,  Mechanical  Engineer.  The  actual  work  at  the  plant 
was  conducted  by  Mr.  G.  L.  Wall,  Director  of  Tests  at  St.  Louis, 
assisted  by  an  efficient  staff  of  assistants,  observers,  computers  and 
engine-men. 

The  part  taken  by  the  Pennsylvania  System  in  proposing  tests, 
in  perfecting  an  organization  for  carrying  them  out,  and  in  its 
execution  of  the  various  phases  of  the  work,  has  been  one  of  un- 
usual significance. 

It  has  brought  into  existence  an  entirely  new  testing  plant,  de- 
signed for  mounting  either  freight  or  passenger  locomotives,  and 
capable  of  absorbing,  for  an  indefinite  period,  the  maximum  power 
of  a  modern  locomotive  when  running  at  any  desired  rate  of  speed ; 

It  has  caused  to  be  designed  and  constructed  a  dynamomet-er 
capable  of  registering  the  tractive  power  of  the  heaviest  locomo- 
tive, and  at  the  same  time  so  sensitive  as  to  indicate  the  slightest 
variation  in  the  force  it  may  exert; 

It  has  purchased  and  standardized  instruments  and  apparatus 
for  nso  in  securing  all  data  which  has  been  deemed  to  be  of  scien- 
tific interest; 

It  has  organized  a  complete  corps  of  observers,  engineers  and 
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computers  to  carry  out  the  tests,  and  to  record,  tabulate  and  analyze 
the  results ; 

It  has  invited  and  secured  the  cooperation  of  scientific  and 
technical  men  of  this  and  other  countries  to  assist  in  placing  the 
tests  upon  the  highest  scientific  plane  possible  in  such  work ; 

It  has  overcome  difficulties,  in  many  cases  perplexing  and  seri- 
ous, incident  to  the  carrying  out  of  such  work  as  a  part  of  a  great 
International  Exposition; 

It  has,  as  a  result  of  its  effort,  defined  the  action  of  eight  dif- 
ferent typical  locomotives,  as  regards  the  performance  of  the  boiler, 
the  engine,  and  of  the  locomotive  as  a  whole,  under  many  dif-  \ 
ferent  conditions  of  operation,  making  of  record  a  mass  of  in-  * 
formation  concerning  the  economic  performance  of  the  modem 
locomotive  of  great  immediate  value,  and  supplying  a  basis  of  com- 
parison which  will  prove  useful  for  many  years  to  come ; 

It  has  met  the  expense  of  equipping  and  operating  the  plant  with 
an  unstinted  hand,  always  holding  considerations  of  cost  to  be 
subordinate  to  the  definite  object  of  making  the  tests  as  complete 
and  valuable  as  possible,  notwithstanding  the  fact  that  the  amoiintB 
involved  have  been  far  greater  than  have  ever  been  approprtated 
to  any  similar  undertaking;  and 

It  has  carried  out  a  broad  plan  of  publication  which  has  ie» 
suited  in  making  data  derived  from  tests,  and  all  conclusions  baaed 
thereon,  together  with  a  description  of  methods  and  means  em* 
ployed,  all  in  great  detail,  accessible  to  the  railroad  officials  aad 
locomotive  designers  throughout  the  world. 

3.  The  Louisiana  Purchase  Exposition  was  represented  in  tlie 
work  by  the  Honorable  Willard  A.  Smith,  Chief  of  the  Depart- 
ment of  Transportation  Exhibits. 

4.  The  Advisory  Committee. — At  the  time  the  invitatioli  to 
cooperate  was  received  by  the  American  Society  of  Mechaniisal 
Engineers,  a  similar  communication  was  sent  to  the  American  Bail- 
way  Master  Mechanics'  Association,  asking  that  organizaticm  to 
appoint  a  committee  of  three  which  would  serve  with  a  similar  oomr 
mittee  appointed  by  this  Society.  Individual  invitations  were  ex- 
tended also  to  certain  distinguished  engineers.  The  full  member- 
ship of  the  Advisory  Committee  is  as  follows : 
Representing  the  American  Society  of  Mechanical  Engineers: 

W.  F.  M.  Goss  (Chairman),  Dean  of  the  Schools  of  Engineer' 
ing,  Purdue  University. 

Edwin  M.  Herr,  General  Manager,  Westinghouse  Air  Braka 
Company. 
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J.  E.  Sague,  First  Vice-President,  American  Locomotive  Com- 
pany. 

Kepresenting  the  American  Kailway  Master  Mechanics'  Associa- 
tion: 

F.  H.  Clark,  General  Superintendent  of  Motive  Power,  Chicago, 
Burlington  &  Quincy  Railroad. 

*  C.  H.  Quereau,  Superintendent  of  Shops,  New  York  Central 
&  Hudson  River  Railroad. 

H.  II.  Vaughan  (Secretary),  Superintendent  of  Motive  Power, 
Canadian  Pacific  Railway. 
Affiliated  Members: 

John  A.  F.  Aspinall,  General  Manager,  Lancaster  &  Yorkshire 
Railway,  England. 

Karl  Steinbiss,  Director,  Royal  Prussian  Railway,  Altona,  Ger- 
many. 

H.  V.  Wille,  Assistant  Superintendent,  Baldwin  Locomotive 
Works. 

Throughout  the  progress  of  the  work  the  committee  served  as 
an  expert  board  of  advisers.  It  assisted  in  formulating  plans, 
it  approved  methods  and  reviewed  results.  Individual  members 
of  the  committees,  also,  had  an  active  part  in  giving  shape  to  many 
matters  of  detail.  The  members  have  observed  with  unusual  fidel- 
ity the  appointments  for  the  eight  formal  meetings  of  the  com- 
mittee, which  have  been  as  follows: 

(1)  1903,  June  25— Grand  Union  Hotel,  Saratoga,  K  Y. 

(2)  1903,  October  28— Union  Station,  Pittsburgh,  Pa. 

(3)  1904,  January  28— Union  Station,  Pittsburgh,  Pa. 

(4)  1904,  May  11 — Transportation  Building,  St  Louis  Fair. 

(5)  1904,  July  26 — Transportation  Building,  St.  Louis  Fair. 
(0)   1904,  November  10 — Transportation  Building,  St.  Louis 

Fair. 

(7)  1905,  May  1— Broad  Street  Station,  Philadelphia,  Pa. 

(8)  1905,  June  12— Broad  Street  Station,  Philadelphia,  Pa. 

5.  The  Results  of  the  tests  are  well  set  forth  in  a  formal  pub- 
li(^ati(>n  of  the  Pennsylvania  Railway  System,  entitled  "  Locomo- 
tiv(»  Tosts  and  Exhibits,  Pennsylvania  Railway  System,  Tx)uisiana 


♦  Durin^j  Mr.  Quereau's  absence  from  duty  in  the  months  of  August,  Septem' 
ber,  (>ot()b«»r  and  Novomber,  Mr.  F.  M.  Wbyte,  Mechanical  Engineer,  N.  Y.  C  &. 
\{.  K.  K.  \i.,  was  appointed  l)y  the  Executive  Committee  of  the  American  Railway 
MaHtor  M«M'hanics'  AHsociation  to  serve  on  the  Advisory  Committee. 
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Purchase  Exposition/'  *  a  volume  of  727  pages,  containing  ap- 
proximately 900  illustrations. 

In  attempting  to  discuss  results,  your  committee  can  only  pre-  ^ 
sent  brief  abstracts  of  the  published  volume.    These  have,  however, 
been  selected  and  arranged  to  include  those  facts  which  are  likely 
to  be  of  interest  to  the  members  of  the  Society.     The  abstract  thus 
arranged  is  submitted  as  an  appendix  to  this  report, 

6.  Your  Committee,  having  completed  the  work  for  which  it 
was  appointed,  and  having  hereby  rendered  its  report  to  tJie  So- 
ciety, asks  that  it  be  now  discharged. 

Respectfully  submitted, 

W.  F.  M,  Goss, 
Edwik  M-  Hjsbb, 

J.  E.  8 AGUE. 

APPENDIX. 


THE    TESTS    AND    THEIR    BESULTS.f 

7.  Concerning  General  Conditions. — The  fuel  used  for  all  1 
was  a  bituminous  coal  of  high  quality.  The  heating  value  of 
pound  of  dry  coal  averaged  more  than  14,000  B.  T.  U.  Its 
position  was  as  follows : 

Fixed  carbon 78.86 

Volatile  combustible 16.S6 

Asli 7.0© 

Moisture iO 


Great  care  was  taken  to  have  the  coal  fired  as  uniformly  as  pos- 
sible, and  to  this  end  certain  selected  men  served  oontmuouaty   i 
in  the  capacity  of  firemen.  | 

All  locomotive  tests  were  run  in  accord  with  a  fixed  schedule 
of  speeds  To  avoid  irregularities  arising  from  differences  in  di- 
ameter of  driverSj  tlie  speeds  of  this  schedule  were  selected  with 
reference  to  the  revolutions  of  the  drivers.     The  standard  speeds 

*  It  iB  ibe  uiidcTfltandiDg  of  your  commitrtee  tb&t  an  edition  of  a  thousand 
coi^jesbaf^  been  isaued  and  that  five  hundred  cnpiiis  buTe  already  been  distributed. 
The  remaining  nunibtr  have  been  deposited  wifh  Mr.  D,  S.  Newhall,  Purchasing 
Agent,  PeDnsylvania  Railway  Compaoy,  Broad  Street  Station,  PhilAjdelphU, 
from  whom  they  may  b«  obtained  U  ft  nommal  price. 

f  For  a  dt^tinriptiou  of  the  toting  plant,  see  "  Locomotive  Tefltlng:  Plants,  *' 
Volume  25.  page  mi. 


^ 
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for  freight  locomotives  were  40,  80,  120,  160  revolutions  per  min- 
ute, and  for  passenger  locomotives  80,  120,  160,  240  and  320  revo- 
lutions. The  preparations  for  observing  the  action  of  a  locomo- 
tive during  a  test  was  elaborate,  and  all  instruments  occupied 
similar  positions  on  all  machines.  The  thoroughness  which  char- 
acterized the  work  may  be  judged  from  the  fact  that  the  log  sheets 
for  each  test  contained  399  items,  many  of  which  were  the  averaged 
values  of  many  observations. 

8.  The  Locomotives  Tested. — Eight  locomotives  were  tested, 
four  having  been  designed  for  freight  and  four  for  passenger  ser- 
vice. Two  of  the  freight  locomotives  were  simple  and  two  were 
compound,  while  all  of  the  passenger  locomotives  were  of  the  four- 
cylinder  balanced  compound  type,  one  being  of  French  design  and 
manufacture,  one  of  German,  and  two  of  American.  A  summary 
of  the  locomotive  tested  is  as  folloAvs: 


THE   LOCOMOTIVE   TESTED. 


rrrsented  for  i  ^^J,\|"*^ 
Number. 


Tct»t  by 


P.  H.  U 

L.S.  AM.S.Ry. 

Mich.  C<'ntral.. 

AT.  *H.  F.Ky.! 

AT.  AS.  F.Ry. 

Hanotor    Loco.    ( 
WorkH If 

N.  YC.  AH.  K.    I 

R.  H I  i 

P.  R.  R ' 


1,499 
734 
585 
929 
535 

628 

3,000 
2,512 


Service, 

Wheel- 
Arrange- 
ment. 

Freight. 

2-8-0 

" 

2-8-0 

^' 

2  9-0 

" 

2-10  2 

Passenger. 

4-4-2 

- 

4^-2  ] 

- 

4-4-2 

" 

4-12 

Description. 


Simple. 

2  cylinder  compound. 

4-cylinder  tandem  comp'nd. 

4-cylinder  balanced  compM. 

4-cylinder  balanced  com- 1 
pound  with  superheater,  f 

4-cylinder  balanced  compM. 

4-cyllndcr  balanced  comp'd. 


By  whom 
manufactured. 


Pa.  Railroad  Co. 
American  Loco.  Co. 

American  Loco.  Co. 

(Baldwin   Loco. 
1     WorkK. 
j  B  a  1  d  w  i  n    Loco. 
f     Works. 

j  Hanover   Loco. 
j     Works. 

American  Loco.  Co. 

Alaaclenne  Co. 


THE    LOCOMOTIVES    TESTED    AND    RESULTS    OBTAINED    FROM    THEM. 

0.  Tests  of  Consolidation  Locomotive,  Pennsylvania  Rail- 
road Company, — The  first  locomotive  placed  on  the  testing 
plant  was  No.  1,499,  owned  by  the  Pennsylvania  Railroad  Com- 
pany. It  is  of  the  simplest  consolidation  (2-8-0)  type,  and  is  the 
staiKhird  heavy  freight  locomotive  used  on  the  Pennsylvania  Rail- 
road. It  is  known  as  the  ^^IlGa"  type,  according  to  the  railroad 
company's  classification.  The  locomotive  was  new  and  had  not 
been  tlioroiitrbly  broken  in  before  bein^j;  tested.  The  first  official 
test  was  made  on  May  25tli,  the  locomotive  having  been  run  previ- 
ously for  three  weeks  in  order  to  break  in  the>plant.     The  prin- 
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cipal  dimensions  and  details  of  the  locomotive  are  shown  m  tihe 

following  table : 

Total  weight,  lbs 194»MI 

Weight  on  drivers,  lbs ITSt'WO  * 

CylinderA  (simple),  inches 28z9S 

Diameter  of  drivers,  inches 81 

Fire-box  heating  surface,  sq.  ft j;i64 

Heating  surface  in  tubes  (water  side),  sq.  ft 2,WIJ2lt 

Total  heating  surface  (based  on  water  side  of  tubes),  sq.  ft S,848.§7 

*  Total  heating  surface  (based  on  fire  side  of  tubes),  sq.  ft  ....  2,4B$Ji$ 

Grate  area,  sq.  f  t 49.S 

Boiler  pressure,  sq.  ft t05 

Valves Richardson  balanced 

Link  motion Stephensoii 

Fire-box,  type Belpftlrs 

No.  of  tubes 878 

Outside  diameter  of  tubes,  inches 9 

Length  of  tube,  inches 164.9 

*  Used  in  calculations. 

The  maximum  tractive  effort  was  39,773  pounds,  which  was 
calculated  on  the  assumption  that  80  per  cent,  of  the  boiler  prw- 


TABLE  1 

Summary  of  Data.  Pennsylvania  Railroad  LoooMonTB  No.  Ml 

Built  at  Juniata  Shops  of  the  Pennsylvania  Railroad,  Altoona,  Pa.,  Maroh,  190i. 


HO 
111 

}m 

M2 


no  120 
115  120 
102  160 
105  157 

113  158 
1D0  1«0 
n7  160 
LDl  160 
104  160 

114  160 


3  6 

4  6 
7  16 
G  13 
7.13 
7' 13 
7  13. 
1,20 
6;20 
3120 
0'2G 
7126 
9  20 
0  2fl 
526 
S26 
Si20 


T'22.44  Full 

7  30.4i!i|  " 

6  20. sal  ** 

2  20.24  '* 

4  30.34,  " 

2  41.44  *' 

0  31.33  *' 

0  33.^01  " 

6  22   IGi  " 

.2  28  03;  " 
4  30   ]  2 
.7  32.&1 

.7  33. an  Partial 

.742. U  *' 

,7.46  00:  " 

,7,62.05;  " 


12,870 
15,372 
20.681 
1S.375 
22.825 

.lor 


2l^-&fl6  10 
27,856  n 
29.900  12 
24,410  9 
27,513  1 1 
28.42?  11 
30.W3  12 
30,747  12 
2S.20311 
28,424  11 
28.583  11 
I 


IS  373  1,11611. 

19  445  1,368  11 

29  590  2.080    9. 
40  533  2,094 

20  602  2  J07 
32  816  3,448 
83  780  3.940 
22,80713,516 
04;S67,4^V 
831707  S^l  I 
OS  797i  3,829' 

46  824  4,001 

47  897  4,627 

30  891  4.163 
311817:4.262 
45:824,3.882 
51828:3.723 


I 


53  366  85 
24,  454  81 
S5j  660  133 
7Bl  5S8|106< 
25  773' 150! 
15  930  141^ 
83  896  162 
02  975  1871 
40  1036187' 
40  803  188 
19  951  260 
11  9^8  206 
69  105O  276 
30  1024  248 
63  8.52  203; 
32  80312071 
m   6S2  170! 


15,70fi28. 

20,864  27. 

12,687,25 

13,314125 

17.831123 

22.078  24 

20J79  24 

14^13  23 

15,883,23 

8.663  24 

9,92923 

10,835  24 

10.803  24 

10.902  24 

9,118,27 

8.360  29 

7. 182' 34 


33  2 
292 
51  3 
31  3 

92:j 

70  3 
60  4 
43  3 
74  3 
78  4 
73  3 
V7  4 
154 
69  4 
30  4 
194 
025 


04  3.8A 
91  3.M« 
13  3.^ 

47  4.24 

48  4  30 
63  4.28 

33  5  29 
644  38 
84  4  59 
00  5.22 
966  43 
07  5  17 

34  6,89 
0(»5  28 

.93  6,48 
.77  6.14 
-40  7.19 


The  Boiler  Pressure  was  from  172  to  203  Pounds  per  Square  Inoli. 


& 
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sure  (205  pounds)  was  available  as  mean  effective  pressure  at 
starting.  On  this  basis  the  ratio  of  weight  on  drivers  to  maximum 
tractive  effort  was  4.35 : 1. 

A  summary  of  the  results  obtained  from  this  locomotive  is 
given  in  Table  1. 

10.  Tests  of  Consolidation  Locomotive,  Lake  Shore  and  Michi- 
gan Southern  Railway  Company, — The  second  locomotive  tested 
was  'No.  734,  a  two-cylinder  simple  locomotive,  owned  by  the  Lake 
Shore  &  Micliigan  Southern  Railway  Company,  and  built  at  the 
Brooks  Locomotive  Works.  It  was  of  the  2-8-0  type  and  known  as 
class  B-1,  according  to  the  railroad  company's  classification. 

Twenty-one  tests  were  made,  the  first  on  July  2  and  the  last 
on  August  2.  The  total  number  of  working  days  consumed  in 
making  these  tests  was  twenty-nine,  twelve  of  which  were  lost 
on  account  of  difficulties  experienced  with  the  plant  and  six  days 
on  account  of  difficulties  with  the  locomotive. 

The  principal  dimensions  and  the  details  of  the  locomotive 
are  shown  in  the  following  table : 

Total  weight,  pounds 181,800 

Weight  on  drivers,  pounds 162,600 

CyUndera  (simple),  inches 21  x  30 

Diameter  of  drivers,  inches 68 

Kirr*-hox  heating  surface,  sq.  ft 218.92 

Heating  surface  in  tubes  (water  Hide),  s(j.  ft 2,638.97 

Total  heating  surface  (based  on  water  side  of  tubes),  sq.  ft 2,857  89 

*  Total  neating  surface  (based  on  fire  side  of  tubes),  sq.  ft 2.541 .22 

Urate  area,  sq.  ft 88.76 

Boiler  pressure,  pounds 2(X) 

Valves Allen-Richardson 

Link  motion Stephenson 

Fire-box,  Type Narrow,  on  top  of  frames 

Number  of  U\\h's •^38 

Outside  diameter  of  tubes,  inches 2 

Lent^th  of  tubes,  inches 178.94 

♦  Used  in  calculations. 

'i1ic  niaximiini  tractive  effort  was  38,G16  pounds,  which  was 
<*alciilated  on  tlie  assumption  that  SO  j)er  cent,  of  the  boiler  pres- 
sure (200  pounds)  was  available  as  mean  effective  pressure  at 
starting.  On  this  basis  the  ratio  of  weight  on  drivers  to  maximum 
tractive*  (*ff(>rt  was  4.84:  1. 

A  suuimary  of  the  results  obtained  from  the  locomotive  is  given 
in  Table  2. 
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TABLE  2. 

Summary  of  Data.  Lake  Shore  and  Michigan  Southern  LocoMOmrB  No.  73i. 

Built  by  Brooka  Locomotive  Worka,  Dunkirk,  N.  Y.,  1000. 


Running  CoNiimoNS. 


I 


i 

EC 


201  40. 
202:  40. 
203'  40. 

204  SO. 

205  SO. 

206  SO. 
20S  SO. 
209159. 
210.159. 
2U\im. 
212100. 
313' 100. 
2141  39. 
216  SO. 
216!  79. 
2171159. 
2iaifi0. 
219'l5S. 
220.160. 
221JUS. 
222119. 


3  7.0 
5  7.0 
I    7.5 

0  15.0 
5  15,l' 

1  IS.O 
0  15,01 
3  29.9 
9  30.01 

0  30,0 

3  30.0 

4  30.1 
e;  7.4 

1  15,0 

2!29,8 
1,30.0 
829, S 
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The  Boiler  Pressure  was  from  178  to  204  Pounds  per  Squftre  Inoh. 


11.  Tests  of  Consolidation  Locomotive,  Michigan  Central  BaOr 
road  Company, — The  third  locomotive  tested  was  No.  586,  gwobA 
by  the  Michigan  Central  Kailroad  Company  and  built  by  the 
American  Locomotive  Company  at  its  Schenectady  Worka.  It  was 
of  the  2-8-0  type  and  known  as  class  W,  according  to  the  railroad 
company's  classification.  This  locomotive  was  a  two-cylinder  cross 
compound. 

It  was.  on  the  plant  from  August  10  to  August  27 ;  work  on 
the  dynamometer  consuming  the  time  from  August  3  to  10.  In 
the  twenty-two  working  days  fourteen  tests  were  made,  tweho  days 
being  lost  on  account  of  the  plant  and  three  days  on  ace  omit  of  the 
locomotive. 
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The  principal  dimensions  and  details  of  the  locomotive  are 
shown  in  the  following  table : 

Total  weight,  pounds 189,000 

Weight  on  drivers,  pounds  164,500 

Cylinders  (corapouna),  inches 23  &  85  x  82 

nianifter  of  drivers,  inches 63 

Fire-V)Ox  heating  surface,  sq.  ft 165.69 

Heating  surface  in  tubes  (water  side),  sq.   ft 3,015.34 

TotHl  heatine: surface  (based  on  waterside  of  tube<),  ^q.  ft 3,181.03 

*  Total  heating  surface  (based  on  fire  side  of  tubes),  ^q.   ft 2,819.20 

G  rate  area,  sq.  ft 49 .  43 

Boiler  pressure,  pounds 210 

Valves,  liigh  pressure  piston  ;  low  pressure Allen  Richardson 

Link  motion Stephenson 

Fire- box,  type Radical  stay,  wide 

Number  of  tubes 888 

Outside  diameter  of  tubes,  inches 2 

Length  of  tube,  inches 190.88 

*  Used  in  calculations. 

The  maximum  tractive  effort  was  45,613  pounds  working  simple 
and  31,823  pounds  working  compound.  The  ratio  of  weight  on 
drivers  to  maximum  tractive  effort  when  working  simple  was 
3.61 :  1  and  when  working  compound,  5.17: 1. 

A  summary  of  the  results  obtained  from  this  locomotive  is  given 
in  Table  3. 

TABLE  3. 

Summary  ok  Data.  Michigan  Gbntral  Locomotitb  No.  585. 

Built  by  the  American  Locomotive  Co.,  Schenectady,  N.  Y.,  1902. 
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Tb«  Boiler  Pt«wuro  was  from  175  to  211  Pounds  per  Square  Inch. 
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12.  Tests  of  "Santa  Fe'  Type  Locomotive,  Atchison,  Topdm 
&  Santa  Fe  Railway  System. — The  fourth  locomotive  tested  was 
No.  929,  owned  by  the  Atchison,  Topeka  &  Santa  Fe  Baihray 
System  and  built  at  the  Baldwin  Locomotive  Works.  It  was  of 
the  2-10-2  type  and  known  as  class  900,  according  to  the  ndboad 
company's  classification.    It  was  a  four-cylinder  compoimd. 

This  locomotive  occupied  the  time  from  August  28  to  Septem- 
ber 17.  In  these  twenty-one  working  days  nine  tests  were  nm, 
the  throttling  tests  being  omitted  as  it  was  decided  that  the  in- 
formation would  not  be  valuable  on  compound  locomotiTes. 

Four  days  were  lost  on  account  of  difficulties  with  the  planl^ 
one  on  account  of  difficulties  with  the  locomotive  and  ei^t  and 
one-half  days  due  to  trouble  experienced  in  getting  the  loocmiotive 
to  the  plant 

An  accident  reduced  the  number  of  available  brakes  to  80feii| 
which  was  unfortunate,  as  this  locomotive  was  very  powerful,  and, 
with  the  low  and  varying  water  pressure  in  the  mains  during  Ae 
period  of  the  tests,  it  was  possible  to  make  tests  only  at  powMB 
below  the  full  capacity  of  the  locomotive.  Its  calculated  traetivis 
power  was  63,612  pounds,  and  the  highest  draw-bar  pull  obtained 
in  any  test  was  32,532  pounds. 

Tests  were  only  run  at  40,  60  and  80  revolutions  per  minute. 
They  were  not,  therefore,  complete  or  conclusive,  as  the  limitB 
of  the  boiler  capacity  could  not  be  ascertained. 

The  principal  dimensions  and  the  details  of  the  locomotive  are 
shown  in  the  following  table : 

Total  weight,  pounds 995,740 

Weight  on  drivers,  pounds 388,700 

Cylinders  (compound),  inches 19  &  28  X  88 

Diameter  of  drivers,  inches JH(.6 

Firebox  heating  surface,  sq.  ft 81S.88 

Heating  surface  in  tubes  (water  side),  sq.  ft 4,001.00 

Total  heating  surface  (based  on  water  side  of  tubes),  sq.  ft. . . .  4,817.80 

*  Total  heating  surface  (based  on  fire  side  of  tubes),  sq.  ft 4,800.18 

Grate  area,  sq.  ft 58. 41 

Boiler  pressure,  pounds *  225 

Valves Piston 

Link  motion Sttipheuson 

Fire-box,  type Radbal  Stuj 

Number  of  tubes 

Outside  diameter  of  tubet*,  inches  S,95 

Length  of  tubes,  inches 380.5 

*  Used  in  calculations. 
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The  maximum  traotiye  effort  was  73,177  pounds  woikiiig  simple 
and  63^612  pounds  working  compound.  The  ratio  at,  wei^^t  on 
drivers  to  maximiun  tractive  effort,  working  simple,  was  3.19 : 1 
and  when  working  compound,  3.67.:  1. 

A  summary  of  results  obtained  from  this  locomotive  is  given 
in  Table  4. 

TABLE  4. 
SimiiART  or  Data.  ATPBisoiff.  Topbka  ahd  Samta  Fk  LoooMOVim  Now  MS. 

BuUt  by  the  BiOdwin  LooooioUtb  Works,  FhilaiMplda,  Piu,  1908. 
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13.  Tests  of  De  Olehn  Atlantic  Type  Locomotive,  Pennaylvania 
liailroad  Company. — The  fifth  locomotive  tested  was  No.  2,612, 
(jwncd  by  the  Pennsylvania  Railroad  Company  and  built  from  the 
<lc^8ip^s  of  Messrs.  De  Glehn  and  Du  Bosquet,  by  the  Soci6t6 
Alsacienne  de  Constructions  M6caniques  at  Belfort,  France.  The 
locomotive  was  a  four-cylinder  balanced  compound  of  the  4-4-2 
typo,  and  being  the  only  locomotive  of  this  type  in  this  coimtry, 
it  has  not  been  classified  by  the  railroad  company. 

It  was,  with  the  exception  of  a  few  unimportant  modifications, 
an  exact  duplicate  of  a  number  of  locomotives  furnished  to  the 
Northern  Railway  of  France  by  the  same  builders.  It  was  the 
only  one  tested  having  Serve  ribbed  tubes  in  the  boiler. 
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In  the  "De  Glehn"  type  the  low-pressure  cylinders  are  betweea 
the  frames,  and  the  high-pressure  cylinders  are  outside  the  frameBi 
The  low-pressure  cylinders  are  side  by  side  and  drive  inside  Gnmks 
set  quartering  on  the  forward  driving  axle.  The  high-preasim 
cylinders  connect  with  outside  crank  pins  in  the  drivers  of  the 
second  driving  axle. 

The  high-pressure  cylinders  are  placed  back  on  the  frameB  in 
relation  to  the  low-pressure  cylinders,  so  that  the  main  rods  of  the 
former  are  but  5^  inches  longer  than  those  of  the  latter. 

This  locomotive  had  a  separate  valve  gear  for  both  high-pres- 
sure and  low-pressure  cylinders,  and  the  cut-off  in  the  low-piesaoie 
cylinders  could  be  varied  independently  of  the  high-pressure  OE*- 
off. 

Both  high-pressure  cylinders  exhausted  into  a  combined  receiver 
and  steam  chest  of  14.5  cubic  feet  capacity.  A  variable  neesie 
having  an  area  of  17.5  to  43.5  square  inches  and  operated  from 
the  cab  controlled  the  exhaust  blast  and  was  varied  to  suit  the 
points  of  cut-off  which  were  used. 

When  operated  simple,  the  high-pressure  cylinders  exhausted 
to  the  atmosphere  and  an  auxiliary  throttle  admitted  live  steam 
to  the  low-pressure  cylinders. 

The  front  flue  sheet  was  made  of  steel  about  one  inch  thick  and; 
the  back  sheet  was  copper  about  1  5-16  inches  thick. 

The  fire-box  was  made  of  copper,  both  sides  and  croum  dMt 
being  a  single  piece  f  of  an  inch  thick.  The  four  top  rows  ol 
staybolts  were  manganese  bronze,  the  others  copper,  and  all  "were. 
drilled. 

Tliis  locomotive  was  placed  on  the  testing  plant  twice,  tibe  first 
period  being  from  September  15  to  October  8,  the  second  period 
being  from  November  25  to  December  3,  a  total  of  tliirty  days, 
during  which  time  ten  tests  were  made.  In  the  first  period 
of  twenty-one  days  six  tests  were  obtained ;  the  most  scirious  delay 
being  due  to  parts  of  the  locomotive  running  hot  when  high  speeds 
were  attempted. 

Seven  and  one-half  days  were  lost  on  account  of  heating  of  rod 
brasses,  chiefly  at  the  back  end  of  the  low-pressure  main  rod 
journals.  The  low-pressure  rods  were  on  the  inside  cranks  where 
the  brasses  were  necessarily  narrow,  and  hence  the  pressure  per 
unit  of  area  was  high. 

The  whole  locomotive  was  unusually  steady  at  all  .speeds,  hav* 
ing  very  little  motion  of  any  kind. 

On  October  7,  when  the  test  at  320  revolutions  was  attempted^ 
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the  left  front  driving  box  ran  hot  after  seven  minutes,  and  it 
was  necessary  to  stop.  The  construction  of  this  locomotive  was 
such  that  it  was  impossible  to  examine  and  repack  the  driving- 
box  collars  without  dropping  the  driving  wheels.  Not  having  any 
droj)  pit,  this  was  impossible  at  the  testing  plant 

The  locomotive  was  sent  to  the  Terre  Haute  shops  of  the 
Vandalia  Line,  repaired  and  run  on  the  road  imtil  it  was  thought 
to  be  in  good  condition,  and  was  then  returned  to  St  Louis. 

After  tests  on  the  Atchison,  Hanover  and  New  York  Central 
locomotives  were  completed,  the  De  Glehn  was  again  placed  on  the 
testing  plant  on  November  25  and  was  taken  off  on  December  3. 
In  this  period  of  nine  days,  four  tests  were  obtained.  Consider- 
able diiRculty  was  encountered  in  getting  the  locomotive  to  steam, 
it  Iiaving  been  impossible  to  run  at  cut-offs  as  long  as  those  ob- 
tained on  the  road. 

The  coal  used  was  soft  and  readily  broke  into  small  pieces. 
There  was  no  shaking  arrangement  in  tiie  grates,  and  if  the  nozzle 
was  decreased  in  size  to  increase  the  draft  and  dear  the  fire,  there 
was  a  tendency  to  fill  up  the  smoke-box  with  cinders.  For  these 
reasons  the  indicated  horse-powers  obtained  were  not  as  large  as 
the  maximum  reported  from  road  tests. 

Tliis  locomotive  will  be  very  carefully  tested  on  the  testing 
])lant  as  soon  as  it  is  erected  at  Altoona,  with  a  view  to  developing 
the  value  of  this  system  of  compounding. 

After  November  29  no  more  tests  were  obtained,  due  to  heating 
of  the  back  ends  of  the  main  rods,  and  the  locomotive  was  removed 
from  the  plant  on  December  3.  In  these  twenty-six  working  days 
two  and  one-half  days  were  lost  on  account  of  difiiculties  ex- 
perienced with  the  plant  and  seventeen  due  to  troubles  with 
the  locomotive. 

The  principal  dimensions  and  the  details  of  the  locomotive  are 
shown  in  the  following  table: 

Total  wei^rlit,  pounds 1B4.000 

Weijclit  on  drivorH,  |>oundH 87,860 

Cylinders  (compound),  inches .14  I'rf  &  28  li  x  25J 

Diamoter  of  drivers,  Indies 80 

Fire-lwx  heating-  surface,  h<j.  ft 177.28 

Heating  surface  in  tui>eM  (water  side),  so.  ft 1,468.87 

Total  lieating  nurfacn  (based  on  WHter  pia«  of  tube>),  sq.  ft 1,646.15 

Total  heating  siirfa<*e  (ImKeil  on  Hro  side  of  tubes),  S(|.  ft 2,656.48 

< irate  area.  H(|.  ft 88.89 

Boiler  pressure,  pounds  per  sq.  inch 225 

Valves  •'  0"  Slide,  11.  \\  l)alHiiced  ;  L.  P.  not  balanced. 

Valve  motion Walarliaert 

Fire-hox,  type Belpaire 

Numl»er  of  tul>es'  (Serve) 189 

Outside  diameter  of  tubes,  inches 2f 

Length  of  tulie.  inches 176.14 
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The  maximuin  tractive  effort  was  22,698  pounds  workii 
and  16,700  pounds  working  compound,  which  was  calculated  via 
the  assumption  that  80  per  cent  of  the  boiler  pressure  (B86 
pounds)  was  available  as  mean  effective  pressure  at  starting.  On 
this  basis  the  ratio  of  weight  on  drivers  to  maximum  tractive  effort 
was  3.87 : 1  working  simple  and  5.26 : 1  working  compound. 

A  summary  of  the  results  obtained  from  this  locomotive  is  | 
in  Table  5. 


TABLE  6. 


SnifMART  OF  Data.  Pbnnstlvania  Railroad  LoooMomni  No.  S,51S 
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The  Boiler  Pn«9ure  vru  From  206  to  220  Pounds  per  Sqiuuw  Inoli* 
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14.  Tests  of  Atlantic  Type  Locomotive,  Atchison,  Topeha  & 
Santa  Fe  Railway  System. — The  sixth  locomotive  tested  was  No. 
535,  owned  by  the  Atchison,  Topeka  &  Santa  Fe  Railway  Sys- 
tem and  was  built  at  the  Baldwin  Locomotive  Works.  It  was  of  the 
4-4-2  type  and  known  as  class  507,  according  to  the  railroad  com- 
pany's classification. 

This  was  a  Vauclain  four-cylinder  compound  locomotive  of  the 
type  introduced  by  the  Baldwin  Locomotive  Works.  The  two 
low-pressure  cylinders  were  outside  of  the  frames  and  the  two 
high-pressure  cylinders  between  them.  All  four  cylinders  were 
connected  to  the  front  axle.  The  high-pressure  crossheads  were 
connected  to  a  cranked  axle  in  which  the  crank  pins  were  set 
quartering  or  90  degrees  apart.  The  low-pressure  crossheads  were 
connected  to  crank  pins  90  degrees  apart  in  the  front  drivers. 
On  either  side  of  the  locomotive  there  was  a  high  and  low  pressure 
cylinder  connected  to  cranks  set  opposite  or  at  180  degrees  to  each 
other.  The  high  and  low  pressure  cylinders  were  in  line  across 
the  locomotive,  so  that  the  high  and  low  pressure  connecting  rods 
were  of  the  same  length. 

The  cut-oif  in  the  high  and  low-pressure  cylinders  could  not 
1)0  varied  independently,  as  the  valves  for  each  set  of  high  and 
low-pressure  cylinders  were  actuated  by  a  single  valve  gear. 

The  first  official  test  on  this  locomotive  was  made  on  October  12. 

Locomotive  No.  535  occupied  the  time  from  October  9  to  No- 
voinber  1,  a  period  of  twenty-four  days.  During  that  period 
i»lovcii  tests  wore  made,  the  work  being  delayed  by  hot  inside 
crank  brasses  on  the  locomotive.  Four  days  were  lost  by  troubles 
due  to  the  plant  and  eight  on  account  of  the  locomotive. 

On  October  27  an  attempt  was  made  to  run  a  test  at  320  revolu- 
tions, but  after  two  minutes  the  babbitt  melted  out  of  the  inside 
crank  brasses.  New  brasses  were  put  in  and  this  test  was  again 
tried  the  next  day  with  the  same  result.  As  it  appeared  unlikely 
that  a  test  could  be  run  at  320  revolutions,  a  test  at  280  revolutions 
was  tried  with  success.  On  October  31  a  test  at  320  revolutions 
failed  after  10  minutes  for  the  same  reason  as  the  others,  and 
<>n  November  1  the  same  thing  occurred  again.  It  was  then  de- 
cided to  remove  the  locomotive  from  the  plant,  as  four  attempts 
at  tests  had  failed  at  this  speed,  and  it  was  evidently  impossible 
to  run  it  cool  at  this  speed  on  the  testing  plant. 

This  locomotive  vibrated  considerably  at  240  revolutions,  the 
movement  of  the  pilot  being  about  eight-tenths  of  an  inch.     The 
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wires  that  were  run  under  the  wheels,  to  determine  the  effect  of 
the  counterbalance  weights  on  rail  pressure,  showed  that  at  830 
revolutions  the  driving  wheel  lifted  from  the  supporting  wheel  a 
height  of  at  least  six-one-hundredths  of  an  inch.  A  tendency  to 
run  to  the  right  side  was  also  noticed,  the  driving  wheels  bearing 
so  hard  against  the  right  supporting  wheels  that  the  flanges  of 
the  drivers  were  badly  cut.  The  locomotive  was  jacked  over  to 
the  left,  and  wooden  wedges  driven  in  between  the  frame  and 
trailer  to  hold  it  over,  but  the  vibration  of  the  locomotive  soon 
loosened  the  wedges  and  the  cutting  of  the  flanges  would  comr 
mence  again.  The  locomotive  was  squared,  the  wheels  trammed, 
and  the  supporting  wheels  were  correctly  set.  The  circumference 
of  the  driving  wheels  on  the  right  side  was  two-thousandths  of  a 
foot  larger  than  on  the  left  side. 

The  principal  dimensions  and  the  details  of  the  locomotiye  are 
shown  in  the  following  table : 

Total  weight,  pounds 201,000 

Weight  on  drivers,  pounds 1^,900 

Cylinders  (compound),  inches 15  &  85  z  9B 

Diameter  of  drivers,  inches 7|| 

Fire-box  heating  surface,  sq.  ft MD.d 

Heating  surface  in  tubes  (water  side),  sq.  ft 8,0141.71 

Total  heating  surface  (based  on  water  side  of  tubes),  sq.  ft 8,987.01 ; 

*  Total  heating  surface  (based  on  (ire  side  of  tubes),  sq.  ft 8,808.011 

Grate  area,  sq.  ft 48.88 

Boiler  pressure,  pounds 080 

Valves PtokHi 

Link  motion StepheaaoB 

Fire-box,  type Wagon  to|i 

Number  of  tubes 898 

Outside  diameter  of  tubes,  inches 8.85 

Length  of  tube,  inches 885.14 

*  Used  in  calculations. 


The  maximum  tractive  effort  was  26,182  pounds  working  simple 
and  19,245  pounds  working  compound,  which  was  calculated  on 
the  assumption  that  80  per  cent,  of  the  boiler  i^resBure  (220 
pounds)  was  available  as  mean  effective  pressure  at  starting.  On 
this  basis  the  ratio  of  weight  on  drivers  to  maximum  tractive 
effort  was  3.79 : 1  working  simple  and  5.15 : 1  working  compound. 

A  summary  of  the  results  obtained  from  this  locomotive  is 
given  in  Table  6. 
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TABLE  6. 

SuMMART  OF  Data.  Atchibon.  Topeka  AND  Santa  F»  Locx>MOTnnB  No.  536. 

Built  by  the  Baldwin  Locomotive  Works,  Philadelphia.  Pa.,  1904. 
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The  Boiler  Pressure  was  from  210  to  222  Pounds  per  Square  Inch. 

15.  Tests  of  Atlantic  Type  Locomotive,  Hannoversche  Ma- 
schinenbau-A  ctien-Oesellschaft — The  seventh  locomotive  tested 
waa  No.  028,  built  by  the  Hannoversche  Maschienenbau-Actien- 
Gesellschaft,  vormals  Georg  Egestorff,  Linden  vor  Hannover,  Ger- 
iiuiny,  and  was  presented  for  test  by  the  builders.  This  locomo- 
tive was  built  for  tlie  Hannover  directorate  of  the  Royal  Prussian 
Railway  Administration  (Koeniglich  Preuss.  Eisenbahn  Ver- 
waltuiig,  Dircktion  Hannover)  and  was  delivered  to  them  at  the 
close  of  the  Exposition. 

The  locomotive  was  a  four-cylinder  balanced  compound  with 
superheater,  and  was  known  as  the  S8  class,  according  to  the  rail- 
road coini)aiiy\s  classification. 

The  valve  motion  was  the  Heusinger  von  Waldegg,  otherwise 
known  as  the  Walschaert  modified  by  von  Borries. 

The  four  cylinders  were  set  across  the  locomotives  on  the  center 
line  of  lh(^  leading  truck.  The  two  high-pressure  cylinders  w^ere 
between  the  frames  and  the  two  low-pressure  cylinders  were  out- 
side the  frames.     The  high  and  low  pressure  cylinders  of  each 
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pair  were  cast  in  one  piece  with  the  corresponding  steam  chests^ 
and  the  two  groups  of  cylinders  bolted  together.  The  four 
cylinders  were  all  connected  to  the  forward  axle.  The  craiik^  of 
the  high-pressure  cylinders,  on  one  side,  were  set  at  180  degrees 
to  each  other. 

This  locomotive  was  equipped  with  a  Pielock  superhealerj  which 
consisted  of  a  chamber  in  the  shell  of  the  boiler,  using  a  portiou 
of  the  boiler  tubes  as  superheating  surface.  It  was  located  far 
enough  from  the  fire-box  so  that  the  tubes  could  not  be  overheated* 
The  main  part  of  the  superheater  consisted  of  a  box  into  which  the 
ends  of  the  boiler  tubes  were  lightly  rolled.  This  box  was  divided 
into  compartments  by  plates  parallel  to  the  tubes,  so  as  to  get 
a  long  contact  of  the  steam  with  the  heating  surface.  The  steam, 
at  boiler  pressure,  passed  into  the  superheater  and  then  through 
the  several  compartments  on  its  way  to  the  cylinders. 

This  locomotive  was  on  the  testing  plant  from  November  S  until 
November  12,  a  period  of  eleven  days.  In  this  time  ten  1 
made;  all  of  the  lost  time,  except  half  a  day,  being  due  to  tte' 
locomotive. 

The  chief  difficulty  was  caused  by  the  inefficiency  of  the  imH 
appliances.  The  fire  did  not  bum  evenly  on  the  grate,  being  very 
intense  next  the  flue  sheet  under  the  brick  arch,  and  very  dull 
and  without  draft  near  the  fire-door. 

There  was  no  diaphragm  plate  or  petticoat  pipe  in  the  front 
end,  and  the  only  way  to  adjust  the  draft  was  by  changing  the 
size  of  the  nozzle.  The  height  could  not  be  changed,  ue  no  other 
exhaust  nozzle  pipes  were  on  hand ;  the  nozzle  was  made  smaller ; 
but  this,  of  course,  only  increased  the  draft  and  did  not  make  the 
fire  bum  more  evenly. 

The  coal  used  was  unlike  that  used  in  Grermany.  The  looomo* 
tive  was  adjusted  for  burning  the  Grerman  fuel.  In  addition  to 
the  difficulty  introduced  by  the  different  fuel,  the  Icxsomotive  was, 
undoubtedly,  over-cylindered  for  American  practice*  This  is 
clearly  shown  by  the  following  comparisons  of  ratios ; 

Locomotive  Number.  Seating  Surface  to  Cylinder     Grate  ^"^f«;;;;j^  CjrliiMier 

628  (Hannover) 120.64  3,00 

♦628       "         101.10  3.00 

3000  (N.  Y.  C.) 189.86  3. 

635  (A.  T.  &S.  F.) 145.83  2.43 

2512  (P.  R.  R.) 154 .  14  IJ 

|E2a  (P.  R.  R.) 236.51  6. 

♦  Superheating  surface  not  included. 

f  This  locomotive  waH  not  tested,  but  ratios  are  given  as  typloal  of  a  slitip^^ 
Atlantic  type  locomotive. 
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The  tailpiece  of  the  locomotive  was  made  of  a  steel  plate  three- 
ipiarters  of  an  inch  thick,  and  covered  the  back  of  the  frames,  which 
were  of  the  plate  type.  It  was  necessary  to  attach  the  fastenings 
for  the  dash-pots  to  this  plate,  and  above  280  revolutions  per  min- 
ute it  was  not  sufficiently  stiff  to  prevent  excessive  vibration;  the 
action  of  the  dash-pots,  therefore,  did  not  protect  the  dynamometer. 

The  injectors  on  this  locomotive  did  not  admit  of  adjusting 
the  feed  as  closely  as  American  injectors  do,  so  that  the  injectors 
had  to  be  put  on  and  off  a  great  many  times  in  the  light  tests. 
Consequently,  the  boiler  pressure  varied  a  good  deal  and  con- 
siderable water  was  wasted  at  the  injector  overflow,  but  as  the  waste 
was  measured  it  introduced  no  error. 

The  principal  dimensions  and  the  details  of  this  locomotive  are 
shown  in  the  following  table : 

Total  weight,  pounds   138,8/K) 

Weight  on  drivers,  pounds 65,850 

Cylinders  (compound),  inches 14A  &  22  x  28f 

Diameter  of  drivers,  inches 78 

Fire-box  healing  surface,  sq.  ft 105.69 

Heating  surface  in  tubes  (waterside),  sq.  ft.  not  inc.  superheater.  1,982.16 
Total  heating  surface  (based  on  water  side  of  tulws),  including 

superheater,  sq.  ft 1,758. 15 

*  Total  heating  surface  (based  on  fire  side  of  tubes),  including 

superheater,  sq.  ft 1,758.15 

Grate  area,  sq.  ft 29.06 

lioiler  pressure,  pounds  per  square  inch 200 

Valves,  high  pressure  piston;  low  pressure Allan  balanced 

Valve  motion Von  Borries  simplified  Heusinger  von  Waldegg 

Fire-box,  type Wide 

N  umber  of  tubes  in  boiler 241 

Number  of  tubes  in  superheater 241 

OutHitie  diameter  of  tubes,  inches 2 

Lengtlj  of  tubes  (not  including  superheater),  inches 148.78 

Length  of  tubes  in  superhoat<«r,  inches 29.92 

*Used  in  calculations. 


The  maxiimini  tractive  effort  was  19,45 J)  ])ounds  working  simple 
.111(1  i;5,789  j)oiin(ls  workin^i;  eonipoiind.  The  ratio  of  weight  on 
ilriver.s  to  maximum  tractive  effort  when  working  simple  was 
.*>..'>(]:  1  and  4.74  :  1  working  compound. 

A  snminarv  <»f  results  of  this  locomotive  is  presented  in  Table  7. 
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TABLE  7. 


Summary  of  Data. 
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The  Boiler  Preesui^  waa  from  1S7  to  204  PoondB  per  Squ&re  Inoh. 


16.  Tests  of  Atlantic  Type  Locomotive,  New  York  Genlrdlmid 
Hudson  River  Railroad. — The  eighth  locomotive  tested  was  Jffo. 
3,000,  owned  by  the  New  York  Central  &  Hudson  River  Bflihoftd 
Company,  and  built  by  the  American  Locomotive  Company  at  its 
Schenectady  Works.  It  was  of  the  4-4-2  type  and  known  as  the 
Il  class,  according  to  the  railroad  company's  classification.  It 
was  a  four-cylinder  balanced  compound,  designed  by  Mr.  F.  J» 
Cole. 

This  locomotive  had  two  high-pressure  cylinders  between  the 
frames,  set  a  little  forward  of  the  smoke-box.  These  hi^h-pressure 
cylinders  were  connected  to  the  forward  axle,  the  cranks  of  which 
were  set  quartering.  The  low-pressure  cylinders  were  oiitgide  the 
frames  and  connected  to  the  second  driving  axle.  Each  outside 
crank  pin  was  set  180  degrees  with  its  adjacent  inside  crank.  This 
arrangement  made  necessary  the  use  of  shorter  connecting  rods  on 
the  inside  than  on  the  outside. 


TESTS    OF    LOCOMOTIVES    AT    LA.    PUECHASB    EXPOSITION.     631 

The  cut-off  in  the  high  and  low-pressure  cylinders  could  not  be 
varied  independently,  as  the  valve  for  each  wSet  of  high  and  low- 
pressure  cylinders  was  actuated  by  a  single  valve  gear. 

The  steam  for  the  high-pressure  cylinders  passed  through  an 
opening  in  the  saddle  to  a  short  pipe  entering  the  top  of  the  steam 
chest. 

When  working  simple  a  starting  valve  operated  from  the  cab 
admitted  live  steam,  at  a  reduced  pressure,  to  the  low-pressure 
cylinders. 

The  ^Terfection"  fuel  economizer,  consisting  of  special  fire- 
doors  and  means  for  admitting  air  above  the  fire,  was  used  on  this 
locomotive. 

Tlic  locomotive  was  placed  on  the  plant  November  13  and  re- 
iiiovt'd  NoviMiihor  24.  During  these  twelve  days  eleven  tests  were 
run.  The  last  test  was  at  a  speed  of  320  revolutions  or  75  miles 
an  hour  and  lasted  for  one  hour.  It  was  not  possible  to  run  any 
of  the  other  locomotives  at  that  speed  for  that  length  of  time. 

It  ran  very  steadily  and  showed  excellent  counterbalancing  in 
every  way. 

The  principal  dimensions  and  tlie  details  of  the  locomotive  are 
sliown  in  the  following  table: 

Total  weight,  pounds 200,000 

Weight  on  drivers,  pounds IIU.OOO 

(\vUn(iors  (compound),  inches 15|  «&  26  x  26 

Diamet^T  of  drivers,  inches 151 .69 

Heating  surface  in  tubes  (water  side),  sq.  ft 8,255.27 

Totnl  heating  Hurface  (based  on  water  side  of  tubes),  sq.  ft 8,-<06.^ 

*  'I'otal  heating  surface  (based  on  fireside  of  tubes),  sq.  ft 3.000.05 

Grate  area.  8<|.   ft 49.90 

Boiler  pressure,  pounds 2*20 

Val  ves Piston 

Link  motion Stephenson 

Fire-l>ox.  type Wide 

Number  of  tubes 890 

Outside  diameter  of  tubes,  inches 2 

Lenijth  of  tub.'M.  inches 19129 

*  Tsrd  in  cnl'  tila'ions. 


'i'lic  iiijixiimmi  tractive  ciTort  was  :27,'^J^O  jxninds  working  simple 
Mild  liO,r»!>()  pounds  workinu:  conipoinKl,  wliicli  was  calculated  on 
tlic  :issuiiipti(Hi  that  80  per  cent,  of  the  boiler  pressure  (220 
pounds)  was  available  as  mean  effective  pressure  at  starting.     On 
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this  basis  the  ratio  of  weight  on  drivers  to  maximum  tmotivie 

effort  was  3.94: 1  working  simple  and  5.34: 1  working  compotuid. 

A  summary  of  the  results  of  this  locomotive  is  pTes^ited  in 

Table  8. 


TABLE  8. 

Summary  of  Data.  New  York  Central  LocoMonTB  No.  tJM, 

Built  by  the  American  Locomotive  Co..  Schenectady,  N.  Y.,  1904. 


TioN.  Pouwui. 


17.  Boiler  Performance, — 1.   Contrary  to  a  oonunon  [i.^siiia| 
tion,the  results  show  that  when  forced  to  raaximuni  power  the  lar 
boilers  delivered  as  much  steam  per  unit  area  of  heating  surface 
as  the  small  ones. 

2.  At  maximum  power,  a  majority  of  the  boilers  tested  de- 
livered 12  or  more  pounds  of  steam  per  square  iiy^t  of  heating 
surface  per  hour;  two  delivered  more  than  14  pounds;  and  one, 
the  second  in  point  of  size,  delivered  1G.3  poun^l^.     These  values 
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expressed  in  terms  of  boiler  horse-power  per  square  foot  of  heating 
surface  are  0.34,  0.40  and  0.47,  respectively. 

3.  The  two  boilers  holding  the  first  and  second  place  with 
respect  to  weight  of  steam  delivered  per  square  foot  of  heating 
surface  are  those  of  passenger  locomotives. 

4.  The  quality  of  steam  delivered  by  the  boilers  of  locomotives 
under  constant  conditions  of  operation  is  high,  varying  somewhat 
with  diiferent  locomotives  and  with  changes  in  the  amount  of 
power  developed  between  the  limits  of  98.3  per  cent,  and  99.0  per 
cent. 

5.  The  evaporative  efficiency  is  generally  maximum  when  the 
power  delivered  is  least.  Under  conditions  of  maximum  efficiency 
most  of  the  boilers  tested  evaporated  between  10  and  12  pounds 
of  water  per  pound  of  dry  coal.  The  efficiency  falls  as  the  rate 
of  evaporation  increases.  When  the  power  developed  is  greatest 
its  value  commonly  lies  between  limits  of  6  and  8  pounds  of  water 
per  pound  of  dry  coal. 

G.  The  observed  temperature  of  the  fire-box  under  low  rates 
of  combustion  lies  between  the  limits  of  1,400  degrees  Fahr.  and 
2,000  degrees  Fahr.,  depending  apparently  upon  characteristics  of 
the  locomotive.  As  the  rate  of  combustion  increases  the  tempera- 
ture slowly  increases,  maximum  values  generally  lying  between 
the  limits  of  2,100  and  2,300  degrees  Fahr. 

7.  The  smoke-box  temj)erature  for  all  boilers,  when  working  at 
light  power,  is  not  far  from  500  (k^grees  Fahr.  As  the  power 
is  inereasiHl  the  temperature  rises,  the  maximum  value  depending 
upon  the  extent  to  which  the  boiler  is  forced.  For  the  locomo- 
tives tested  it  lies  in  most  cases  betwc'cn  600  and  700  degrees. 

S.  With  reference  to  grate  aren,  the  results  prove  beyond  ques- 
tion that  the  furnace  losses  due  to  excess  air  are  not  increased 
by  iuereasiug  the  area.  In  general,  it  appears  that  the  boilers  for 
which  tli(^  ratio  of  grate  surface  to  heating  surface  is  largest  are 
those  of  greatest  capacity. 

0.  A  brick  arch  in  the  fire-box  results  in  some  increase  in 
furnace  teuiperature  and  improves  the  couibustion  of  the  gases. 

10.  The  loss  of  heat  through  imperfect  combustion  is  in  most 
cases  small,  exc(»|)t  as  re]>resente(l  by  the  discharge  from  the  stack 
of  solid  particl(»s  of  fuel. 

11.  Ivelatively  large  fire-box  heating  surface  appears  to  give  no 
advantage  eithi^'  with  reference  to  capacity  or  efficiency.    The  fact 
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seems  to  be  that  the  tube-heating  surface  is  capable  of  absorliiQf 
such  heat  as  may  not  be  taken  up  by  the  fire-box. 

12.  The  value  of  the  Serve  tube  over  the  plain  tube  of  the  taaoc 
outside  diameter^  either  as  a  means  for  increasing  capaeit^  or 
efficiency,  was  not  definitely  determined. 

13.  The  draft  in  the  front  end  for  any  given  rate  of  oombnstioiv 
as  measured  in  inches  of  water,  depends  upon  the  propor^om  ci 
the  locomotive  and  the  thickness  and  condition  of  the  fire.  Under 
light  power  its  value  may  not  exceed  an  inch,  but  it  increiflet 
rapidly  as  the  power  is  increased.  Kepresentative  maximum  valilfis 
derived  from  the  tests  lie  between  the  limits  of  5  inches  and  8JB 
inches. 

14.  Insufficient  openings  in  the  ash-pans  and  the  mechaniam  of 
the  front  end,  especially  the  diaphragm,  are  shown  by  the  tests  to 
lead  to  the  dissipation  of  considerable  portions  of  the  draft  foros. 

18.  The  Engine. — 15.  The  indicated  horse-power  of  the  modflffii 
simple  freight  locomotive  tested  may  be  as  great  as  1|000  or 
1,100 ;  that  of  a  modern  compound  passenger  locomotive  may  ex- 
ceed 1,600  horse-power. 

16.  The  maximum  indicated  horse-power  per  square  foot- of 
grate  surface  lies,  for  the  freight  locomotives,  between  the  limits 
of  31.2  and  21.1;  for  passenger  locomotives,  between  the  liikiits 
of  33.5  and  28.1. 

17.  The  steam  consumption  per  indicated  horse-power  hiMir 
necessarily  depends  upon  the  conditions  of  speed  and  cut-off.  Bsr 
the  simple  freight  locomotives  tested  the  average  Tninlmimi  js 
23.7.  The  consumption  when  developing  maximum  power  is  iM, 
and  when  under  those  conditions,  which  proved  to  be  the  kssl 
efficient,  29.0. 

18.  The  compound  locomotives  tested,  using  saturated  steam, 
consumed  from  18.6  to  27  pounds  of  steam  per  indicated  horse- 
power hour.  Aided  by  a  superheater,  the  minimutii  consumption 
is  reduced  to  16.6  pounds  of  superheated  steam  per  hour. 

19.  In  general  the  steam  consumption  of  simple  locomotivea 
decreases  with  increase  of  speed,  while  that  of  the  compound  loco- 
motives increases.  From  this  statement  it  appears  that  the  relative 
advantages  to  be  derived  from  the  use  of  the  com]Kjund  diminish 
as  the  speed  is  increased. 

20.  Tests  under  a  partially  opened  throttle  show  that  when 
the  degree  of  throttling  is  slight  the  effect  is  not  appreciable* 
When  the  degree  of  throttling  is  more  pronounced,  the  performance 
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is  less  satisfactory  than  when  carrying  the  same  load  with  a  full 
throttle  and  a  shorter  cut-off. 

19.  The  Locomotive  as  a  Whole. — 21.  The  percentage  of  the 
cylinder  power  which  appears  as  a  stress  in  the  draw-bar  di- 
minishes with  increase  of  speed.  At  40  revolutions  per  minute  the 
maximum  is  94  and  the  minimum  77 ;  at  280  revolutions  per  min- 
ute the  maximum  is  87  and  the  minimum  62. 

22.  The  loss  of  power  between  the  draw-bar  and  the  cylinder 
is  greatly  affected  by  the  character  of  the  lubricant.  It  appears 
from  the  tests  that  the  substitution  of  grease  for  oil  upon  axles 
and  crank  pins  increases  the  machine  friction  from  75  to  100  per 
cent. 

23.  The  coal  consumption  per  dynamometer  horse-power  hour 
for  the  simple  freight  locomotives  tested  is,  at  low  speeds,  not  less 
than  8.5  pounds  nor  more  than  4.5  pounds,  the  value  varying 
with  the  running  conditions.  At  the  highest  speeds  covered  by 
the  tests  the  coal  consumption  for  the  simple  locomotives  increased 
to  more  than  5  pounds. 

24.  The  coal  consumption  per  dynamometer  horse-power  hour 
for  the  compound  freight  locomotives  tested  is,  for  low  speeds, 
between  2.0  and  3.7  pounds.  Results  at  higher  speeds  were  ob- 
tained only  from  a  two-cylinder  compound,  the  efficiency  of  which 
under  all  conditions  is  shown  to  be  very  high.  The  coal  consump- 
tion per  dynamometer  horse-power  hour  for  this  locomotive  at  the 
higher  speed  increases  from  3.2  to  3.6  pounds. 

25.  The  coal  consumption  per  dynamometer  horse-power  hour 
for  the  four  compound  passenger  locomotives  tested  varies  from 
2.2  to  more  than  5  pounds  per  hour,  depending  upon  the  running 
conditions.  In  the  case  of  all  of  these  locomotives  the  consumption 
increases  rapidly  as  the  speed  is  increased. 

26.  A  comparison  of  the  performance  of  the  compound  freight 
locomotives  with  that  of  the  simple  freight  locomotives  is  very 
favorable  to  the  compounds.  For  a  given  amount  of  power  «t  the 
draw-bar  the  poorest  compound  shows  a  saving  in  coal  over  the  best 
simj)lc  which  will  average  above  10  per  cent,  while  the  best  com- 
pound shows  a  saving  over  the  poorest  simple  which  is  not  far  from 
•10  per  cent.  Tt  should  be  remembered,  however,  that  the  condi- 
tions of  the  tests,  which  provide  for  tlie  continuous  operation  of  the 
locomotives  at  constant  speed  and  load  throughout  the  period  cov- 
ered hy  tlie  observations,  are  all  favorable  to  the  compound. 

27.  It  is  a  fact  of  more  than  ordinary  significance  that  a  steam 
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locomotive  is  capable  of  delivering  a  horse-power  at  the  drsw-lMur 
upon  the  consumption  of  but  a  trifle  more  than  2  pounds  of  cod 
per  hour.  This  fact  gives  the  locomotives  high  rank  fb  a  steam- 
power  plant. 

28.  It  is  worthy  of  mention  that  coal  consumption  per  horse- 
power hour  developed  at  the  draw-bar  by  the  different  looomotifes 
tested  presents  marked  differences.  Some  of  these  are  easily  ex- 
plained from  a  consideration  of  the  characteristics  of  the  looomo* 
tives  involved.  Where  the  data  is  not  sufficient  to  permit  the  at* 
signment  of  a  definite  cause  there  can  be  no  doubt  but  that  an  ex- 
tension of  the  study  already  made  will  serve  to  reveal  it 

w.  R  M.  a 

K  M,  H. 

J.  £•  S« 

DISCUSSION. 

E,  G.  Bailey, — The  locomotive  tests  as  condiu-ted  by  the  Pmn- 
sylvania  Railroad  System  are  very  interesting  and  thorough^  yet 
there  are  one  or  two  points  that  might  be  brought  out  in  connection 
with  the  fuel  and  boiler  part  that  seem  to  be  neglected  generally 
by  mechanical  men,  namely,  the  sampling  and  analysis  of  coaL 
This  may  seem  to  be  purely  a  chemist's  work,  itiid  as  far  as  his 
part  of  it  is  concerned  it  is  usually  well  done,  but  the  error  comes 
in  interpreting  the  results.  In  this  report  thert"  iiro  given  ninety* 
seven  proximate  analyses  and  calorimeter  do  terminations  of 
separate  samples  of  coal  from  the  same  mine.  Tliis  particular 
coal  was  selected  because  of  its  low  ash  and  good  quality.  It 
comes  from  a  seam  that  produces  a  uniform  quality,  and  being 
friable,  it  is  much  easier  to  obtain  good  samplo^  than  from  tlie 
harder  coals,  as  are  most  of  them  found  on  the  western  murket. 
With  these  conditions  in  favor  of  uniform  sampling  the  analyst*^ 
show  a  variation  of  7  per  cent,  in  Ash  and  12  i)er  cent,  in  BXil 
Errors  such  as  these  affect  the  boiler  efficiency  m  (calculated;  also 
tlie  various  items  of  the  heat  balance.  But,  had  tlie  aualy&es  been 
averaged  as  a  whole  or  in  groups,  much  more  unit  or  in  and  reliabk 
results  would  have  been  obtained,  as  here  given: 
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AVER.\GE    OF    S.\MPLES    TaKEN    ON    EACH    SERIES    OF    TeSTS    BY    PENNSYLVANIA 

R.R.  System. 
TABLE  9. 


Test 
Series*. 

Number 
Samples. 

Moiuture. 

Volume. 

F.  C. 

Ash. 

Sulphar. 

B.t.u. 

100 

200 

300 

400 

500 

600 

700 

800 

17 
16 
13 
9 
10 
11 
10 
11 

1.02 
.95 
.98 
.87 
.96 
1.09 
1.09 
.97 

16.24 
16.65 
17.14 
17.37 
16.97 
16.96 
16.46 
16.46 

74.91 
76.10 
75.78 
75.53 
75.76 
•75.68 
76.20 
76.27 

7.83 
6.30 
6.10 
6.23 
6.31 
6.27 
6.25 
6.30 

.89 

.91 

1.05 

1.19 

1.01 

1.18 

.79 

.86 

14,037 
14,736 
14,765 
14,876 
14,773 
14,802 
14,835 
14,844 

All 

except  100 

97 
80 

.99 
.99 

16.75 
16.86 

75  33 
75.90 

6.53 
6.25 

.98 
1.00 

14,621 
14,804 

Nejjlertiii^  1st  set  (100)  Maximum  difference  from 
avenige =0.11% 


+  0.49% 


Any  one  set  of  these  analyses,  except  the  first,  which  seems 
to  1x3  considerahly  different,  coukl  have  been  used  in  calculation 
with  an  error  of  not  more  than  0.1  per  cent,  in  ash  and  0.5  per 
cent,  in  l^.t.n.  from  the  true  average  of  all  samples.  The  heat 
units  varying  so  much  more  than  the  ash  is  no  doubt  due  to  the 
calorimeter  used  in  nuiking  thes^e  determinations,  as  the  Car- 
|>ent(*r  is  gcMierally  considered  less  reliable  than  the  Mahler  bomb. 
The  following  data  illustrates  this  difference  and  shows  how  sets 
of  analyses  agree  on  the  average: 


TABLE  10. 


No. 
SampU'n. 


30 
13 
10 
3.S 
13 


Moisture. 

Volume. 

1   01 

19  24 

.98 

19  23 

1.00 

IS  S6 

.99 

19.14 

.99 

19. 4S 

.99 

19   19 

191 

.Maxiiiniin  variation  from  average. 


F. 

c. 

71 

32 

71 

40 

71 

65 

71 

.38 

70  79 

71 

.:.i      1 

Ash. 

8.43 
8.39 

8.49 
8.49 
8.74 


S.51 


fo  23<;; 


Sulphur. 


1.29 
1  27 
1.27 
1.25 
1.23 


B.t.u. 


14,370 
14,370 
14,:i53 
14,376 
14.362 


1.26     '   14,366 
=0.09% 


Tlicsc  samples  were  taken  (vinn  barges  of  coal  similar  to  that 
nse<l  on  iIm-  Pennsylvania  \vM^^  but  it  comes  from  a  mixture  of 
four  mines,  and  each  average  here  given  represents  about  35,000 
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tons.  The  B.t.u.  were  determined  by  the  Mahler  bomb  and 
within  one-quarter  of  one  per  cent.,  which  is  sufficiently  cloee  for 
any  work.  Selecting  samples  from  the  Pennsylvania  tests  that 
show  the  greatest  variation  in  ash : 


TABLE  11. 


Tertt. 

Moistnre. 

Volume. 

F.  C. 

Ash. 

Salphnr. 

B.Um, 

116... . 

701 ... . 

.90 
1.00 

16.20 
16.49 

71.55 
78.20 

11.35 
4.31 

1.06 
.92 

13,700 
15,082 

Differen 

ce .  . 

7.04% 

While  the  greatest  difference  in  heating  va^ue  is  found  in  other 
samples : 

TABLE  12. 


Teat. 

Moisture. 

ViiEnmi\ 

F.C. 

Aab. 

Snlphar. 

H.t.li. 

220..., 

412.... 
102.,.. 
109..., 

.73 

.84 
.84 

16.75 
17.40 
16.02 
16.02 

76.98 
76.32 
71.86 
71.86 

5.54 
5.24 

11.28 
11.28 

1.08 

.77 
.77 

15,076 
15,076 
13,3  til 
13,315     , 

Differen  < 

:;c 

604% 

uni 

or  12.05  per  cc^zit.  on  :i  Hams  nf  14/J21  as  the  avcmge  of  all^  and  a  cUffereiu'e  o^ 
6.42  per  rent,  in  the  British  TJiernml  llnit^  per  pound  of  eombuatibic  itj  fouJ>d 
between  tctiU  101  and  40 J.  l*" 


It  iji  highly  iui probable  that  the  coal  varied  so  mueh  aa  ^O^ 
but  tho  trouble  is  in  getting  a  correct  sample^  and  in  no  case  can 
one  aamplPj  taken  in  the  c^rdiuary  way,  he  relied  upon  to  represent 
even  one  ton  of  coal.  The?  Te^^ting  Department  of  t!ie  Fiiinnount 
Coal  Company  have  a  great;  many  series  of  reMilts  that  demon- 
strate this,  one  of  which  is  given  below*  These  sixteen  aamplea 
were  taken  from  about  three?  t^ns  out  of  a  car  of  coal  as  it  was 
l*eing  wheeled  in  for  hiiniing  on  a  lK)ik*r  test  After  loading  the 
wheelbarrow,  sixteen  shovelfuls  were  taken  from  the  j)ilcs  and  on* 
put  into  eadt  of  the  J^ixteeii  barrels.  This  made  about  lS5*pfniTid 
sample  in  each  barrel,  which  wan  broken  up  so  that  it  would 
pas3  through  a  ^'ii^^l^  screen,  and  quartered  down  in  the  usual 
way  to  about  five  poundsj  whicli  was  eniahed  and  groimd  up  in 
the  Laboratory,  and  each  analyzed  separately. 
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TABLE  13. 


Lab.  No. 


7270. 
7271. 
7272. 
7278. 
7274. 
727.-). 
7270. 


727S. 
7279. 
72SO. 
72S1. 
72S2. 
72S;^. 
72S4. 
72Sr). 


Avorapo 

Maxiimim  N'ariation 


Moisture. 

Volnmc. 

F.  C. 

Ash. 

Salphar. 

.90 

16.56 

72.86 

9.68 

.79 

1.06 

16.44 

72.22 

10.28 

.77 

1.02 

16.96 

68.10 

13.92 

.94 

1.00 

16.42 

71.36 

11.22 

.89 

.92 

16.00 

72.20 

10.88 

.84 

.96 

17.08 

72.16 

9.80 

.85 

.86 

16.52 

70.78 

11.84 

.79 

.92 

15.80 

73.00 

10.28 

.89 

1  04 

15.18 

73.68 

10.10 

.84 

1.08 

16.36 

71.92 

10.64 

.70 

1.12 

16.24 

72.58 

10.06 

.90 

1.00 

16.18 

72.10 

10.72 

.93 

1.00 

17.30 

72.24 

9.46 

.85 

.92 

16.46 

72.96 

9.66 

.85 

1.00 

15.56 

72.36 

11.08 

1.05 

1  00 

16.56 

71.10 

11.34 

.85 

.99 

16.35 

71.98 

10.68 

.86 

from  average. 


4.46 

(  +  3.24 
(=1.22 


From  these  and  more  elal>orate  results  where  as  high  as  100 
sam})les  have  been  taken  in  a  simihir  way,  we  learn  that  any 
oiK^  samj)K^  may  Ix^  as  much  as  ;">  per  eent.  above  or  2  per  cent. 
b(^low  th(^  average  in  ash,  (U^pending  upon  the  percentage  and 
nature  of  im])iirities  in  the  coal.  The  sulphur  varies  in  about 
ihe  same  ])roj)ortion.  Any  Uni  samples  will  give  an  average 
within  0.'2^}  per  eent.  of  that  obtained  from  20  or  more  samples. 
In  no  ease  where  the  analysis  of  any  coal  is  desired  within  one 
])er  cent,  should  less  than  five  samples  l)e  taken  and  analyzed 
s(^])arately.  AftiM*  a  sam])le  is  })ulverized  and  reduced  to  about 
50  grams  the  variations  in  analysis  are  within  0.1  per  cent. 

If  these  facts  wen*  better  recognized  among  mechanical  men 
it  would  be  a  big  step  toward  obtaining  more  consistent  results 
in  the  boiler  tests  and  correcting  the  erroneous  data  which  is 
now  so  largely  co])ied  in  most  handbooks. 

When  Hulletin  No.  4  was  ])ublished  I  thought  it  would  lx» 
interesting  to  Wi^rk  (Mit  heat  balances  from  the  data  given,  but 
instead  of  using  each  analysis  of  coal,  tluy  were  all  averaged 
and  :issume<|  to  represent  the  coal  used  on  each  t(*st,  which  gave 
more  unifonu  results  than  if  the  sei)arate  analyses  had  been 
fa  ken : 
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TABLE   14. 

Engine  No.  1499. 

Per  Cent,  of  Heat  Represented  by. 


No. 
Test. 


110... 
111... 
103... 
109... 
112... 
118... 
108... 
116... 
115... 
102... 
105... 
113... 
106... 
117... 
101... 
104... 
114... 


Latent 
Heat  of 
Moisture 

Products 
of  Comb. 

Air 
Excess. 

CO. 

Cinders. 

Sparks. 

*SSr-?ff82SI" 

Formed. 

"■^■^ 

2.6 

9.3 

4.5 

.3 

5.0 

1.9 

78.9 

2  5 

2.6 

10.1 

3.5 

.3 

2.5 

1.0 

76.6 

3  5 

2.6 

10.2 

3.4 

6.0 

1.4 

1.1 

66.6 

8  7 

2.6 

10.2 

3.5 

4.6 

3.7 

.9 

59.8 

14.7 

2.6 

11.7 

1.7 

9.4 

5.6 

.9 

56.1 

12,0 

2.6 

12.1 

2.3 

14.3 

5.6 

1.1 

55.5 

6.5 

2.6 

12.6 

1.3 

19.0 

8.6 

3.2 

46.5 

6  2 

2.6 

12.0 

2.2 

11.1 

8.8 

3.5 

54.0 

6.8 

2.6 

12.1 

1.3 

13.8 

9.0 

1.9 

50.3 

9  0 

2.6 

11.5 

2.6 

4.4 

6.4 

1.5 

50.9 

20J 

2.6 

12.0 

3.0 

6.5 

7.2 

2.4 

49.0 

17  3 

2.6 

12.8 

2.5 

10.5 

.9 

1.4 

48.2 

21   I 

2.6 

13.7 

4.0 

7.0 

45.5 

27.2 

2.6 

12.5 

5.3 

10.1 

7.6 

1.6 

50.4 

10.5 

2.6 

12.1 

2.5 

10.4 

7.6 

3.2 

45.8 

16.8 

2.6 

14.4 

2.0 

11.9 

1.2 

2.0 

49.1 

16.8 

2.6 

13.1 

2.3 

12.2 

5.0 

.9 

52.1 

11.8 

As  all  items  for  calculating  a  heat  balance  were  given  it  was 
thought  that  the  item  ^'  Radiation  and  Undetermined"  would  in- 
clude the  radiation  and  loss  due  to  unburned  coal  from  tlie  ttrii 
pan.  But  in  the  complete  report  I  learn  that  this  item  indndeB 
also  the  heat  required  to  evaporate  the  water  used  to  wet  the  ooal, 
the  sparks  that  could  not  be  collected  in  the  stack  receptacle,  aiid 
j)er]uips  some  error  in  flue  gas  analysis,  as  only  three  sampleB 
were  taken  on  each  test.  As  it  is  very  difiicult,  or  practical^ 
impossible,  to  collect  all  sparks  coming  from  the  stack  with  tibe 
liigh  velocity,  about  the  only  way  to  determine  their  amount  ia^ 
working  on  an  ash  basis,  to  know  the  total  weight  of  aah  fired 
into  the  firebox  by  knowing  the  weight  of  coal  and  the  percentage 
(f  ash  contained  therein;  then  weighing  the  ashes  from  the 
j^an  and  determining  the  per  cent,  of  ash,  or  incombustible,  wliidi 
being  deducted  from  the  weight  of  ash  in  the  coal  gives  the  weight 
of  ash  passing  through  the  flues.  A  good  sample  of  thi!^  can 
easily  l)e  obtained,  and  from  its  analyses  the  total  weight  of  apiirks 
and  weight  of  combustible  can  be  determined.  Witiv  ciirt^ful 
sampling,  this  gave  very  consistent  results  on  road  testes  vvhieh 
were  presented  to  the  Society  by  Prof.  E.  A.  Hitchcock- 

The  analyses  of  the  products  of  combustion  show  that  tlie  ratio 
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of  carbon  to  available  hydrogen  burned  was  considerably  less  than 
that  given  in  the  ultimate  analysis,  which  shows  that  a  large 
iwrcentage  of  carbon  was  escaping  unbumed,  and  considerably 
more  than  what  was  collected  from  the  stack.  Due  to  this  carbon 
escaping  unbumed  formula  110  on  page  137  is  in  error  for-  cal- 
culating the  loss  due  to  the  formation  of  CO,  for  "  C  "  in  the 
formula  should  be  the  per  cent,  of  carbon  to  coal  that  was  actually 
burned  either  as  CO  or  CO2. 

Plots  110,  210,  etc.,  ar^  misleading,  as  they  all  show  the  boiler 
efficiency  to  drop  off  rapidly  as  the  temperature  of  the  firebox 
increases.  The  real  cause  for  the  lower  efficiency  is  the  higher 
rate  of  combustion,  which  also  produces  higher  firebox  tempera- 
ture. And  if  tests  were  selected  with  varying  furnace  tempera- 
ture and  constant  rate  of  combustion,  the  curve  would  probably 
rise  as  the  temperature  is  increased. 
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No.    1110.* 

SOME  STEPPING  STONES  IN  THE  DEVELOPMENT  Of 
A  MODERN  WATER-WHEEL  GOVERNOR. 

BT  MARK  A.   REPLOOLE,  AKBON«  OHIO. 

(Member  of  the  Society.) 

Introduction. — In  the  preparation  of  a  paper  to  be  presented  to 
the  Franklin  Institute  in  the  year  1897, 1  was  permitted  to  disenot 
either  "  Speed  Government  in  Water-power  Plants,"  or  "Water* 
wheel  Governors."  The  former  was  chosen.  The  paper  was  xead 
before  the  Institute  on  December  14,  1897,  and  was  publi8li6d  in 
full  in  the  Journal  of  the  Franklin  Institute,  Volume  OXLV., 
No.  2,  February,  1898.  It  represented  the  gleanings  from  my 
eight  years'  experience  while  trying  to  successfully  govern  water 
powers,  or  rather  turbine  wheels. 

Up  to  this  time  a  number  of  different  types  of  governors  had 
been  devised  and  put  into  service,  but  I  had  not  made  sufficient 
progress  to  warrant  any  conclusive  statements  concerning  mj  der 
velopments.  Another  eight  years  has  passed  during  whidi  time 
much  hard  work  has  been  done,  and  the  results  of  this  period  are 
of  a  more  definite  character. 

A  mechanical  governor  has  been  developed.  Some  of  its  prin* 
ciples  are  unique,  and  some  of  its  actions  are  remarkable.  It  is 
my  intention  to  show  some  of  the  steps  that  led  up  to  the  develqh 
ment  of  this  mechanism,  as  well  as  to  describe  the  machine,  and 
some  of  the  principles  that  enter  into  its  construction. 

In  the  Franklin  Institute  paper  I  made  the  following  state* 
ment:  ^^A  properly  constructed  governor  must  open  the  water* 
wheel  gates  as  fast  as  gravity  can  follow  with  water;  no  faster. 
It  must  close  the  gates  slow  enough  to  insure  safety  to  the  pen* 
stock ;  no  faster.  It  must  be  capable  of  stopping  the  gates  at  muf 
degree  of  opening.  It  must  be  endowed  with  the  relay  principle 
adjusted  to  co-operate  properly  with  the  power  storage. 

*  Presented  at  the  Chattanoog^a  Meeting  (May,  1906)  of  the  Ameriesn  Bodslf 
of  Mechanical   Engineers,   and   forming  part  of    Volume  27  of    the    3V«Hlf- 

actions. 
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'"  It  must  not  be  a  separate  and  independent  feature  of  the  plant, 
but  must  be  made  a  part  of  the  plant  in  an  intelligent  manner; 
and  at  best  it  is  only  one  of  the  factors  in  the  government  of  a 
water-power  plant.  It  must  be  remembered  that  all  the  governor 
can  do  is  to  open  or  close  the  gates  as  the  variations  in  speed  re- 
quire, and  no  water  wheel  can  be  governed  successfully  by  vary- 
ing \]\o.  gate  openings,  unless  the  same  principles  are  adhered  to 
that  make  government  in  steam  engines  a  success." 

This  very  general  statement  pointed  out  the  work  to  be  accom- 
plished. This  paper,  while  adding  some  new  requirements,  will 
be  devoted  mainly  to  showing  how  to  obtain  the  desired  results. 

1.  A  modern  water-wheel  governor  must  have  four  distinct  ele- 
ments: 1st,  the  speed-control  element;  2d,  the  gate-moving  ele- 
uiout ;  S(l,  the  temporary  speed-control  influence ;  and  4th,  the 
])oririoneut  speed-control  influence. 

2.  The  control  element  in  a  modem  water-wheel  governor  is  a 
centrifugal  speed  governor.  Its  function  is  to  trip  or  put  into 
action  the  gate  or  valve-operating  apparatus.  This  element  is  af- 
fected by,  1st,  variation  in  speed  of  the  turbine;  2d,  the  tem- 
porary-control influence ;  and  3d,  the  permanent-control  influence. 

3.  The  gate-moving  element  provides  the  power  necessary  to 
operate  the  wheel  gates,  and  can  open  or  close  them  as  necessity 
requires.  This  element  may  be  a  pawl  and  ratchet  device,  a 
clutch,  a  shifting  belt,  a  hydraulic  ram,  or  a  variable  speed  trans- 
mission. This  element  can  use  any  convenient  power  supply,  but 
the  control  element  must  always  be  driven  by  the  water  wheel  to 
be  governed,  if  speed  regulation  is  required. 

4.  The  temporary-control  influence  is  used  to  cause  the  governor 
to  anticipate  the  effects  of  water  added,  so  as  to  prevent  the  Gon- 
dii ti(n  known  as  linnting  or  racing.  This  element  may  be  of  hy- 
draulic or  mechanical  construction,  or  a  combination  of  both.  The 
ponnaiKMit-control  influence  is  for  tlie  purpose  of  running  sev- 
0Yi\]  power  units  in  multiple,  causing  an  equal  distribution  of  load. 

5.  Before  proceeding  further,  I  wish  to  make  the  following 
statements:  A  good  water-wheel  governor  must  be  able  to  move 
the  gates  slowly  or  rapidly,  as  necessity  requires.  This  discrimi- 
nation savors  of  good  judgment.  A  good  governor  must  always 
stop  operating  before  the  speed  has  reached  normal.  In  fact,  it 
ceases  to  operate  at  a  speed  that  is  farther  from  normal  than  that 
nocessarv  to  cause  it  to  begin  operating  at  the  start.  This  is 
*'  judgment."     A  good  governor  always  ceases  to  operate  before 
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the  speed  has  returned  to  normal;  sometimes  it  ceases  a  shorter 
time  before  the  speed  is  right;  and  again  it  ceases  a  longar  tine 
before  the  speed  has  exactly  reached  normal,  but  always  just  lonig 
enough  ahead  of  time  to  allow  the  speed  condition  to  be  rigjit  aftsr 
the  inertia  effects  of  the  water,  the  new  load  conditions,  and  As 
new  power  conditions  are  balanced.  This  would  be  called  an  aet 
of  reason  if  performed  by  a  man,  a  horse,  or  a  dog.  Is  it  lees  m 
if  performed  by  a  machine  ?  The  perfect  governor  can  plaoe  As 
water-wheel  gates  in  position  ahead  of  time  with  a  precision  tiudk 
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Fig.  1. 


eouhl  not  be  reached  by  the  designer  of  the  machine  if  he  had 
to  do  the  governing  by  hand. 

6.  In  order  to  pave  the  way  to  a  fuller  conception  of  the 
governor,  I  can  think  of  no  better  course  than  to  show  by 
simple  illnstrationa  a  few  of  the  important  stages  in  its  evolut^NL 

7.  Before  going  into  these  details,  it  will  be  well  to  get  an  idii 
of  the  necessary  action  of  a  governor  as  compared  with  the  Offpedt 
and  other  conditions  of  the  turbine  and  power-plant  effaetak  :  I 
will,  therefore,  aim  to  show  graphically  in  the  diagram,  Kgi  1^  ftt 
relative  time  of  the  governor's  actions  as  compared  with  the  tint 
of  changes  in  load  and  speeds.  A  careful  study  of  this  diagrHB 
will  reveal  the  fact  that  a  good  governor  must  be  possessed  with 


DEVELOPMENT    OF    A    WATEE-WHEEL    GOVERNOR. 


645 


powers  that  closely  resemble  reasoning.  I  will  add  further  that 
the  actual  conditions  as  shown  by  the  diagram  were  not  understood 
in  the  earlier  years  of  my  governor  work. 

8.  In  order  to  make  the  necessary  comparisons  in  Fig.  1,  the 
ordinates  1,  2,  3,  etc.,  divide  time  in  seconds;  the  abscissas  a,  b, 
c,  d,  etc.,  represent  load  above  the  line  e,  and  the  gate  opening 
below  e.  For  further  convenience  e  represents  normal  speed,  while 
d  and  c  represent  1  per  cent  and  2  per  cent,  respectively  above 
speed,  and  f  and  g  represent  1  per  cent,  and  2  per  cent,  below  nor- 
mal speed.  The  load  curve  can  be  noted  in  the  upper  half  and  the 
gato-oj)ening  curve  in  the  lower  half  of  the  diagram.  X  represents 
the  temporary  drop,  and  z  represents  the  permanent  drop  in  the 
governor's  operation.  Beginning  at  the  left,  it  will  be  noted  that 
up  to  the  beginning  of  the  second  second  the  load  is  25  per  cent, 
of  full  capacity ;  the  speed  is  zero  or  normal,  and  the  gate  opening 
is  also  25  per  cent,  of  full.  At  this  point  50  per  cent,  of  the  full 
load  is  added,  requiring  a  full  second  of  time  as  shown.  The  speed 
begins  to  drop  at  the  instant  new  load  is  added,  but  as  it  must  vary 
enough  to  throw  the  governor  into  action,  there  is  no  gate  move- 
ment until  about  the  middle  of  the  second.  Then,  as  gravity  must 
have  time  to  overcome  the  inertia  of  more  water,  there  is  no  power 
added  until  the  beginning  of  the  third  second.  (The  dotted  line 
shows  the  gate  effect,  which  is  always  after  the  time  of.  gate  move- 
ment.) By  the  middle  of  the  fifth  second  the  gate  is  nearly  open, 
and  remains  almost  stationary  for  almost  one  second.  The  speed, 
however,  keeps  on  falling  until  the  beginning  of  the  seventh  sec- 
ond. (Please  note  that  it  is  the  effect  of  the  gate  opening  that 
docs  the  governing,  and  not  the  amount  of  the  opening;  also  that 
the  governor  ceased  to  open  the  gate  one  and  one-half  seconds  be- 
fore the  speed  ceased  dropping,  and  fully  five  seconds  before  the 
speed  had  risen  to  the  new  normal  condition,  which  is  one-half  of 
1  per  cent,  below  the  orginal  normal  speed.) 

9.  If  the  governor  had  kept  opening  the  gate  during  all  the 
time  that  the  speed  was  below  normal,  the  speed  would  rise  far 
above  normal  by  the  time  the  full  effect  could  be  realized,  And 
the  result  would  be  an  over-running  or  hunting. 

10.  The  momentum  of  the  power  unit  has  a  great  deal  to  do 
with  tlio  rapidity  of  drop  in  speed  when  a  load  is  added,  and  the 
Iiydraulic  conditions  have  a  great  deal  to  do  with  the  difference 
in  time  brtween  the  gate  movements  and  their  effects.  Both  of 
these  renditions,  while  they  affect  govorninc:  nmtorially,  are  in  no 
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way  determined  by  the  governor  man.  A  governor  must  be  eapabb 
of  adjustment  to  the  various  turbine  conditions^  or  &iliixe  will 
result. 

11.  Having  shown  what  a  good  governor  must  bQ  able  to  do, 
I  will  now  proceed  to  show  some  of  the  steps  leading  up  to  such 
a  machine,  referring,  of  course,  to  my  personal  experience.  My 
first  governor  patents  contemplated  a  mercurial  speed  governor, 
but  on. account  of  being  able  to  procure  a  very  good  mochaBical 
speed  governor  to  use  as  an  indicator  of  speed  conditioiiSj  the  iiier- 
curial  governor  was  never  used.  The  majority  of  governors  in  uae 
in  the  United  States,  in  1890,  were  of  a  simple  two-stiige  tT]]e. 
That  is,  the  movement  of  parts  in  the  centrifugal  element  would 
trip  or  set  into  action  the  power,  or  gate-moving,  elements.  Thii 
class  of  governors  would  continue  to  shift  the  wheel  gates  as '. 
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Fig.  2. 


as  the  speed  was  sufficiently  far  away  from  normal  to  cause  the 
governor  to  act.  Observation  made  it  plain  that  it  required  frooBi 
two  to  five  per  cent,  variation  in  speed  to  cause  such  a  govenior 
to  begin  operation ;  therefore,  in  order  to  save  the  time  lost  ill 
getting  such  a  governor  into  operation,  a  three-stage  governor  was 
made.  The  novel  features  of  this  machine  will  be  noted  in  Fig-  2, 
12.  In  the  diagi-am  a.  is  the  speed  governor,  g.g.  a  battery  with 
its  circuit,  and  h.  the  gate-moving  mechanism.  With  this  com- 
bination a  variation  of  1  per  cent,  or  less  in  speed  was  sufficient 
to  close  the  circuit  at  c.  or  d.  This  in  turn  would  energize  ma^ 
nets  e.  or  f.,  catising  them  to  put  the  gate-moving  niechanism  into 
motion.  This  governor  was  an  improvement  on  the  old  typo 
governors,  as  it  utilized  the  most  valuable  time  by  beginning  its 
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operations  long  before  the  old  governors  had  varied  enough  for 
action.  This  machine  required  from  one  to  five  minutes  to  move 
the  wheel  gates  from  end  to  end.  Any  attempt  to  operate  the 
gates  in  faster  time  resulted  in  over-running  and  hunting.  I 
learned  from  this  governor  that  the  effects  of  gate  opening  always 
comes  after  the  operation;  and  I  concluded  that  a  governor  to 
be  a  success  must ''  anticipatei ''  the  load  variation.  This  seemed 
impossible,  but  I  felt  that  there  was  room  for  improvement;  there- 
fore, I  studied  water  powers  carefully  for  several  years.  The  re* 
suit  of  this  special  study  was  a  discharge  gate  governing  apparatus 
in  connection  with  the  above  electrical  governor.    Discharge  gates 
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were  not  always  practical ;  therefore,  were  abandoned  after  several 
fairly  successful  installations.  The  great  point  desired  was  faster 
gate  movement,  with  no  racing  or  hunting  effects.  I  might  add 
that  discharge  gate  governing,  in  effect,  was  changing  the  head  on 
the  turbines  at  the  same  time  that  the  quantity  of  water  was 
changed.  In  other  words,  power  was  added  in  double  the  ratio  of 
the  ordinary  methods,  and  the  water-hammer  effects  were  no 
greater.  The  racing  effects  were  less  because  the  gate  effect  fol- 
lowed its  movements  more  promptly. 

13.  The  illustration  Fig.  3  represents  about  two  years'  ex- 
perience.    A.  represents  three  speed  governors,  each  one  actuating 
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a  gate  regulator.  The  three  turbines  thus  governed  were  all  belted 
to  one  line  shaft,  making  one-power  unit  The  principle  to  be 
brought  out  by  this  combination  may  be  called  cumulative  or 
differential  gate  movement.  Speed  governor  a.  would  cause  its 
respective  turbine  gate  to  operate  at  one  per  cent,  variation  from 
normal.  Speed  governor  b.  would  begin  operating  at  two  per  cent* 
variation.  Governor  c.  would  cause  its  gate  to  operate  at  three  per 
cent,  variation;  therefore,  when  a  change  of  load  would  OQcnt  that 
would  vary  the  speed  as  much  as  three  per  cent.,  all  three  gov^rnora 
would  act,  and  the  combined  action  was  supposed  to  be  fast  enough 
to  take  care  of  the  extreme  changes  of  load  in  an  electric  railway 
power  plant.  The  advantage  of  this  scheme  was  a  slow  additum 
of  power  when  the  speed  varied  a  little,  and  a  rapid  addition  of 
power  when  a  heavy  change  in  load  was  made.  This  plan  reduoed 
the  racing  effect,  even  though  a  faster  gate  movement  effect  was 
used.  Viewed  from  present-day  knowledge  there  is  nothing  bril- 
liant in  this  combination,  but  it  taught  me  the  value  of  differential 
gate  movement,  and  as  a  matter  of  history  it  was  the  means  of 
governing  the  first  automatically  regulated  water-driven  eleetrie 
railway  in  the  United  States.  The  guarantee  made  to  the  ownmei 
of  the  water  power  was :  "  Better  regulation  than  could  be  given 
by  a  man  at  the  hand  wheels."  It  was  conceded  that  I  had  met 
the  guarantee,  and  payment  was  made  for  the  three  governors. 

14.  In  B.  one  speed  governor  inspires  two  gate  regulators,  or 
one  double  regulator  by  means  of  contacts  o.  and  e.  The  fleadbk 
tongue  d.  allows  lever  f .  to  make  a  second  contact  witii  a  greater 
variation  in  speed  similar  to  action  shown  in  A. 

15.  In  C.  contacts  g.  and  h.  are  attached  to  the  piston  rods  of 
dash  pots  or  cataract  cylinders.  They  were  so  arranged  that  when 
the  speed  governor  would  touch  the  contact  the  regulator  would 
act  and  the  pressure  would  force  the  piston  through  the  oil  as  IcODg 
as  the  speed  varied  from  normal.  A  small  spiral  spring  woidd 
cause  the  piston  to  return  slowly  to  its  former  position  after  a 
change  of  load  was  made.  The  effect  of  this  scheme  was  to  cause 
the  governor  to  act  while  the  speed  was  going  away  from  normal, 
and  then  by  breaking  the  circuit  the  governor  would  stop  acting, 
so  that  by  the  time  the  effect  of  the  gate  action  was  fully  realized 
the  speed  would  be  returned  to  normal.  This  was  the  first  device 
that  I  had  ever  used  that  would  anticipate  or  make  provision  for 
the  effects  of  the  gate  action  coming  after  the  gate  movement.  By 
a  proper  balancing  of  piston  and  spring  a  faster  gate  action  could 
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be  employed  without  racing  effects.  This  was  an  important  stage 
in  the  development,  as  it  taught  me  that  a  machine  could  be  made 
that  would  operate  the  gates  only  while  the  speed  was  varying 
from  normal,  and  the  contacts  could  be  made  to  return  to  their 
original  position,  fast  or  slow,  as  the  power  storage  effects  of  the 
plant  would  permit.  Here  was  a  crude  relay  governor,  but  I  failed 
to  ever  find  anyone  else  who  could  adjust  it  as  satisfactorily  aa 
was  desired.  I  was  therefore  compelled  to  devise  a  more  positive 
and  reliable  means  for  accomplishing  the  same  purpose.  In  D. 
the  cam  i.  forms  a  support  for  contact-bracket  j.,  which  rises  or 
falls  by  means  of  segment  k.,  driven  by  gate-shaft  1.  With  this 
device  the  governor  would  turn  on  water  as  long  as  the  speed 
would  drop,  and  would  turn  off  water  as  long  as  the  speed  would 
rise.  This  permitted  a  more  rapid  gate  movement  without  the 
racing  effects  being  so  marked.  Here  was  a  relay  governor  that 
offered  an  opportunity  to  operate  wheel  gates  rapidly  and  in  a 
great  measure  prevented  overrunning;  that  is,  in  plants  that  em- 
bodied sufficient  momentum  in  their  revolving  parts.  But  a  new 
difficulty  arose.  A  governor  that  could  operate  wheel  gates  from 
viul  to  end  in  one-half  minute  must  be  four  times  as  powerful  as 
one  to  do  the  work  in  one  minute,  and  it  must  be  one  hundred 
times  as  powerful  if  the  work  must  be  done  in  six  seconds.  There- 
fore, a  new  and  more  powerful  series  of  governors  had  to  be  built. 
It  was  also  learned  that  where  power  plants  lacked  in  momentum 
the  cam  i.  had  to  be  so  steep  to  prevent  racing  that  the  permanent 
drop  in  speed  caused  by  it  was  too  great  for  good  automatic  regu- 
lation. This  was  in  a  small  measure  remedied  by  making  a  dif- 
ferential cam  to  compensate  as  economically  as  possible  with  the 
variable  effects  of  the  gate  openings.  (Power  is  added  fastest  at 
the  earliest  stages  of  gate  openings.)  Therefore,  the  cam  required 
greater  drop  on  the  start  and  decreasd  rapidly  as  the  gate  opened. 
To  overcome  tliis  large  drop,  I  had  to  devise  a  governor  that  would 
permit  the  necessary  drop  in  the  first  operation  of  the  governor, 
while  a  secondary  operation  would  permit  a  slow  returning  of  the 
members  to  their  original  positions,  and  in  doing  so  the  governor, 
without  change  in  speed,  would  operate  on  the  wheel  gates  until 
the  speed  was  correct.  This  governor  was  called  a  Relay  Return- 
ing Governor,  an  anticipating  machine.  In  making  this  governor 
it  was  necossarv  to  perform  so  many  of  the  functions  mechanically 
that  the  electrical  features  were  cut  out  of  the  governor  entirely, 
nooossi fating  another  series  of  new  governors.      (There  were  other 
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considerations  that  made  it  seem  best  to  drop  the  electric  battery ' 
and  its  circuit.) 

16.  It  can  be  truly  said  that  all  of  the  work  up  to  this  point 
was  preliminary.  I  had  merely  learned  the  rudiments  of  sue* 
cessful  water-wheel  governing.  These  first  principles  had  to  be 
developed  in  order  to  know  fully  to  what  extent  they  could  be 
employed  under  the  many  conditions  of  governing  that  are  encoun* 
tered  in  practice.  The  above  constituted  the  first  eight  years  of 
governor  experience,  and  shows  the  development  up  to  the  time 
of  preparing  the  paper  for  the  Franklin  Institute.  ' 

17.  The  past  eight  years  have  been  devoted  to  the  development 
of  a  machine  that  embodies  the  elements  necessary  to  perform  its 
functions  in  the  proper  ratios.  I  will  state  broadly  that  no  two 
turbine  installations  govern  alike,  and  the  perfect  governor  must 
be  susceptible  of  a  greater  range  of  adjustment  than  any  other 
known  machine.  Its  "  reasoning  "  power  must  be  prescribed  for 
every  power  plant  that  it  is  placed  in.  That  is,  it  must  "  antici- 
pate "  the  rapidity  of  gate  movement,  as  well  as  the  point  the 
gate  should  be  moved  to,  for  every  change  in  load.  Both  of  iSum 
judgments  must  be  performed  before  the  speed  has  begun  to  xetaxn 
to  normal.  It  must  then  hold  itself  in  suspense  until  gravity  hiS 
fully  charged  the  new  water  added  with  power,  and  this  power 
is  extracted  by  the  turbine.  If  the  speed  returns  to  normal  too 
fast  or  too  slow,  it  must  of  its  own  volition  shift  the  gates  to  a  nwr 
point  of  opening.  Here  are  four  distinct  acts  of  judgment  that 
may  take  place  in  one  change  of  load,  and  a  smaller  or  larger 
change  of  load  will  require  a  change  in  all  of  the  ratios.  Jim 
above  describes  a  simple  change  in  the  load  of  a  turbine.  In.  oaes 
a  second  or  third  change  in  load  should  occur  before  eqnilibriiim 
for  the  first  change  has  been  established  it  is  very  apparent  tittt 
the  governor's  actions  must  be  further  complicated.  As  stated  he* 
fore,  a  perfect  governor  must  act  with  a  precision  not  often  found 
in  the  most  studious  man. 

18.  A  few  suggestions  at  this  point  will  not  be  out  of  plaeSb 
If  a  most  perfect  governor  were  attached  to  a  turbine  plant,  it  will 
not  always  assure  perfect  regulation,  and  the  following  are 
of  the  defects  found  by  the  governor  man : 
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TABLE  1. 


Mtehcmieal  Defects. 


1.  Uobalanced  gates. 

2.  Crumping  or  iotefering  in  gates. 
8.  Ponderou.s,  unwieldy  gates. 

4.  Lo3t  mo: ion  in  gates. 

5.  Torsion  in  gate  rigging. 

6.  Irregular  effects  of  gatage. 

7.  Lack  in  power  storage. 

8.  Obstructed  intakes. 


MydrmUic  IhfeeU, 


9.  Long  dosed  feed  pipes. 

10.  Cimtncted  feed  pipes. 

11.  Short  bends  in  feed  pipes. 

12.  Slanting  draft  tnbes. 

18.  Draft  tnbes  too  luge  or  smalL 
14.  Loss  or  gain  of  vaonnm. 


19.  Any  one  of  the  above  defects  will  cause  erratic  action  in 
the  governor,  and  on  account  of  some  strange  fatality  the  governor 
often  gets  full  measure  of  credit  for  any  or  all  of  them.  Space 
forbids  discussion  of  Table  1. 

20.  Table  2  shows  an  aggregation  of  some  of  the  more  important 
conditions  found  in  the  power  unit  and  some  of  the  more  important 
features  a  good  governor  must  have,  and  by  way  of  explanation 
will  say  that  the  word  differential  is  intended  to  convey  the  idea 
of  a  constantly  increasing  or  constantly  diminishing  motion,  or 
effect.  These  motions  or  effects  can  be  more  accurately  illustrated 
by  the  use  of  parabolic  curves.  (These  statements  are  made  from 
the  standpoint  of  time.) 

TABLE  2. 


Power  Unit  Conditions  Due  to  Inertia, 

1.  Speed  variations  are  differential. 

2.  Effects  of  gravity  are  differential. 
8.  Speed  governor  effects  are    differ- 
ential. 

4.  All  load  changes  are  differential. 

5.  Gate  effects  are  not  immediate. 

0.  Power  storage  effects  are  differential. 


Bequirements  of  a  Oood  Water -Wheel 
Oovemor, 

7.  It  must  1)0  extremely  sensitive. 

8.  Must  hare  differential  gate  action. 

9.  Most  have  differential  temporary 

cut-outs. 

10.  Must  have  differential  retnm  move- 

ment. 

11.  Must  have  penntoent  cnt^nts. 

12.  Should  be  adjustable  to  all  ordinary 

conditional. 
18.  Should  have  adjustable  permanent 
dr(»p. 


21.  Such  a  governor  has  been  perfected.  In  preparing  the  way 
to  the  introduction  of  this  machine  I  have  omitted  tiie  details^  and 
have  referred  only  to  the  more  important  experiments.  The  ideas 
preserved  were  selected  on  account  of  their  having  special  merit  at 
the  time  of  their  employment. 

22.  The  foundation  of  the  new  governor  is  a  sphere  and  disk 
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transmission  device.  The  practical  limits  of  this  device  have  l>een 
determined  by  eight  years'  experience.  The  physical  niake-np 
of  the  drive  is  the  result  of  this  experience,  and  has  proven  to  be 
entirely  satisfactory.  In  principle  it  is  an  application  of  the 
shifting  belt  and  pulley.  The  only  difference  being  that  the  pulley 
is  shifted  and  the  effect  is  a  differential  drive  from  a  standstill 
the  fastest  movement  with  full  torque  throughout  its  range,       *■ 

23.  Much  experimenting  has  been  done  in  the  way  of  tripping 
or  shifting  devices  during  the  past  eight  years  with  various  degrees 
of  success.  During  this  time  the  new  drive  came  repeatedly  to 
the  notice  of  Nathaniel  Lombard,  a  most  successful  designer  of 
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water-wheel  governors.  His  fourteen  years'  experienc?e 
work  led  him  to  believe  that  the  ideal  governor  must  be  purely 
mechanical,  and  his  search  for  a  differential  drive  resulted  in  a 
combination;  therefore  the  new  governor  is  the  result  o£  our 
combined  experience.  Every  member  in  its  construction  was  the 
subject  of  a  special  conference,  and  it  is  the  most  perfect  machine 
that  our  experience  up  to  date  has  produced. 

24.  The  governor  in  its  simplest  form  is  shown  in  Fig  4- 

25.  In  the  diagram  A.  is  a  spherical  pulley  with  its  abaft  turned 
down  and  threaded  as  at  X.  B.  and  B.  are  oppositely  revolving 
concave  disks  lined  with  leather.  C.  and  C.  are  lignum  xiXm  pins 
flush  with  the  leather.     D.  and  D.  are  compression  springs  for 
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causing  the  necessarj  pressure  between  the  disks  and  the  sphere. 
(Please  note  that  when  the  sphere  is  shifted  from  center,  in  the  line 
of  its  axis,  the  springs  are  tightened  automatioaUy,  causing  in- 
creased traction,  as  the  smaller  diameters  of  the  sphere  engage  the 
larger  diameters  of  the  disk.)  E.  and  E.  are  governor  balls  so 
poised  as  to  require  the  weight  of  A.  to  balance  them  at  normal 
speed.  F.  is  a  loose  collar  to  allow  independent  revolution  of  the 
balls  E.  E.  G.  is  the  point  of  connection  between  A*  and  the  gates 
or  valves  of  the  motor  to  be  governed.  X.  is  the  relay  devicSi  and 
is  for  the  purpose  of  preventing  racing.  Also  for  the  purpose  of 
properly  dividing  the  load  in  parallel  units.  Z.  is  a  stationary 
spindle  or  connecting  link  between  collar  F.  and  the  threaded  shaft 
or  pulley  A.  Z.  is  only  stationary  in  reference  to  revolution,  as 
it  rises  or  falls  with  the  variations  of  the  governor  balls. 

26.  The  following  is  a  description  of  the  governor's  action  if 
the  speed  should  drop  by  an  addition  of  load :  The  lessening  of  the 
centrifugal  effects  on  E.  E.  will  allow  A.  to  drop  below  the  centers 
of  disks  B.  B.,  which  are  constantly  revolving  in  the  directions 
shown  in  the  diagram.  As  soon  as  A.  falls  below  the  disk  centers 
it  will  begin  to  revolve  slowly  to  the  right,  being  the  direction  that 
will  turn  on  power.  While  A.  is  turning  to  the  right  it  shortens 
the  distance  to  collar  F.  by  means  of  the  thread  at  X.  This  short- 
ening causes  A.  to  be  pulled  back  to  the  disk  centers,  thereby  cut- 
ting the  governor  out  of  action.  It  will  be  noticed  that  E.  and 
E.  have  not  shifted  their  position  during  the  act  of  opening  the 
valves.  Therefore  the  speed  is  in  reality  lower  after  the  new 
power  is  added  than  it  was  before  the  change  in  load.  It  is  now 
clear  that  there  is  a  continuous  dropping  in  the  speed  while  the 
valves  are  opening.  In  practice  this  permanent  drop  is  enough 
to  insure  the  correct  division  of  load.  It  is  also  enough  to  permit 
of  successful  government  where  adequate  power  storage  exists  in 
the  unit  to  be  governed.  In  this  governor  there  is  no  special 
provision  for  temporary  relay.  Such  provision  is  unnecessary  ex- 
cept where  the  momentum  effects  are  small.  (In  the  governor 
shown  the  permanent  drop  can  be  varied  by  the  pitch  of  the  thread 
used  at  X.)  In  ordinary  practice  it  is  about  2  per  cent,  and 
it  can  be  less  in  steam  turbine  practice. 

27.  Before  going  further,  it  will  be  well  to  make  some  state- 
ment concerning  the  physical  qualities  of  this  governor.  Experi- 
ence has  shown  that  we  can  secure  15  pounds  pull  per  square  inch 
of  traction  surface.     The  traction  surface  varies  as  the  squares 
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of  the  diameters,  with  the  odds  in  favor  of  the  larger  driveiL  Ik 
all  of  our  experience  the  traction  increases  with  the  age  of  the 
machine.  (Its  action  perfects  its  shape.)  The  leather  in  polub- 
ing  the  sphere  causes  greater  traction.  It  requires  very  Utfb 
power  to  operate  it  at  normal  speed.  The  increase  in  speed  from 
shifting  A.  off  center  is  not  a  constant  increase,  but  a  cnnuilatm 
increase,  such  as  is  found  necessary  in  accurate  governing.  Thf 
maximum  speed  of  valves  or  gates  can  be  fixed.  In  this  dtive  or 
transmission  the  design  can  be  varied  so  that  the  pnllqr  A.  oan 
make  two  revolutions  to  one  of  the  disks.  The  possible  variation 
in  Pig.  4  is  a  range  from  zero  to  the  same  speed  of  the  disks. 


Fig.  5. 


Springs  D.  D.  can  be  so  proportioned  that  greater  torqne  eflEeets 
will  be  produced  at  the  higher  speeds.  That  is,  since  the  disks  «!• 
concave,  they  will  be  forced  back  against  the  springs  as  the  spheaNl 
is  forced  from  its  central  or  normal  position. 

28.  Experiment  has  shown  that  the  pressure  necessary  to  force 
A.  from  the  center  is  imperceptible  until  the  concave  surfaces  be* 
gin  to  offer  resistance.  This  tendency  of  the  disks  to  press  the 
pulley  back  to  the  center  is  in  itself  a  valuable  feature  in  a  gov- 
ernor. (In  effect  it  is  temporary  relay  and  is  very  reliable,  need* 
ing  no  adjustment.) 

29.  Please  note  that  the  disks  have  a  greater  radius  of  ctirvature 
than  the  spherical  pulley.     If  the  radius  of  the  disks  should  be 
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lessened,  it  will  require  a  smaller  movement  of  the  pulley  to  bring 
about  its  fastest  motion.  Flatter  disks  will  require  a  greater 
movement  of  A.  to  produce  its  fastest  motion.  It  will  be  readily 
seen  that  this  drive  or  transmission  is  susceptible  of  a  great  range 
in  design,  and  it  is  therefore  adaptable  to  a  great  number  of  me- 
chanical transmissions.  It  might  be  called  a  perfect  cone  pulley 
drive  in  a  most  compact  and  economical  form.  It  is  a  variable 
belt  and  pulley  transmission,  condensed. 

30.  The  governor  in  this  form  is  exceedingly  sensitive  to  speed 
variations.       Our  experiments  up  to  the  present  show  that  the 
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governor  will  operate  in  either  direction,  with  variations  in  speed 
too  small  to  be  indicated  by  the  ordinary  tachometer. 

31.  Fig.  5  shows  a  plan  view  of  a  governor  designed  for  the 
power  house  of  the  Sanitary  District  of  Chicago.  This  governor 
is  designed  to  develop  G0,000  foot  pounds  of  power  in  8  seconds. 
The  speed  governor  is  in  the  driving  pulley,  and  the  disks  are 
driven  by  belt.  In  this  way  we  eliminate  all  gearing  except  the 
gate  gears,  and  the  small  bevel  gears  necessary  to  move  the  sphere 
into  action.  This  is  a  three-stage  governor;  that  is,  the  power 
of  the  speed  governor  presses  friction  wheels  into  action,  and  they 
in  turn  force  the  power  drive  into  action.  The  speed  governor 
lever  and  the  floating  lever  may  be  seen  in  the  lower  left-hand 
corner.  In  this  governor  the  traction  disks  have  a  speed  of  500 
revolutions  per  minute.     All  fast  running  bearings  are  self-oiling. 
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This  machine  is  noiseless  in  all  of  its  actions,  and  requires  a  VBtj 
much  smaller  proportion  of  power  for  governing  purposes  ths:^ 
has  ever  come  to  our  notice  before.  In  other  words,  instead  ci  a 
continuous  use  for  governing  purposes  of  from  1  to  8  per  cent,  of 
the  total  power  developed,  this  machine  will  require  less  thaa 
one-tenth  of  one  per  cent.  This  consideration  alone  is  worthy  of 
attention.  The  power  required  to  keep  the  machine  in  motikm 
is  very  small,  and  when  in  action  the  only  further  power  reqpiixed 
is  the  additional  power  necessary  to  operate  the  gates  at  whatever 
rapidity  is  required.     There  is  an  enormous  saving  over  that  dasi 


f— yu''— »t 


^ 


Fig.  7. 


of  governors  employing  force  pumps  that  operate  against  a  press* 
ure  of  over  200  pounds  per  square  inch. 

32.  Fig.  6  shows  an  end  elevation  of  the  same  goverMo?? 
rim  of  the  drive  pulley  is  removed  in  order  to  show  the  detail  of 
the  speed-control  governor,  also  a  portion  of  the  permaneoit  cut- 
out arrangement  is  shown.  It  will  be  noted  that  the  idlers  used 
to  guide  the  disk  drive-belt  are  located  in  the  base  of  the  machine. 
The  scroll  gear  and  the  hand  wheel  pinion  are  removed*  The 
construction  of  the  disk  traction  spring  is  also  shown. 

33.  Fig.  7  shows  a  side  elevation  and  shows  fully  the  connectioi! 
between  the  spherical  pulley  and  the  gate  or  valve  shaft  The 
main  shaft  can  operate  at  any  velocity  from  standing  to  one  revo- 
lution per  second ;  therefore  the  governor  can  be  geared  to  operate 
the  gates  in  the  smallest  number  of  seconds  that  the  conditions 
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will  allow-  The  pin  clutch  at  the  right-hand  end  of  the  machine 
indicates  the  manner  of  thro^ring  the  goverDor  positively  out  of 
action.  The  lever  under  the  hand  wheel  is  for  the  purpose  of 
throwing  the  transmission  into  action,  independent  of  the  control 
govornon  The  slanting  shaft  in  dotted  lines  furnishes  the  power 
to  the  temporary  drop  and  time-element  device.  Its  speed  ia 
varied  by  shifting  the  friction  wheel  nearer  to,  or  further  from  the 
center  of  its  driving  disk. 

34.  Considering  the  many  functions  that  must  he  performed, 
we  believe  this  to  be  a  most  simple  and  perfect  governor.  The 
machine  embodies  the  means  for  giving  the  necessary  permanent 
drop  as  foimd  desirable  for  the  requirements  of  each  power  plant 


TABLE  3. 

WATER- WHEEL  GOVEllNGR  SEBIES. 


Tire. 
L.  H.-fl  ... 

J-.  n.-io  ., 

L.  R.-14..- 
1.    B.-18.    . 


Foot  Lbf.. 


54H) 
3,000 
30,000 
100,000  I 


Time  to 


Pulley 


-h- 


4 

8 

12 


14"-3" 


500 
500 
fiOO 
dOO 


^^^^^    mn^nu.. 


13" 
«V8^'     4- 


■7"x8'-a" 


35.  Tabic  3  shows  a  tabulation  of  capacity,  eti3,j  of  the  new 
•*  Lombard-Replogle  "  series  of  governors.     It  fully  explains  itself* 

30.  Fig»  S  shows  a  new  invention  used  succeasfullj  where  dif- 
ferential retarding  or  dash-pot  effects  are  desired.  This  has  been 
frmnd  very  satisfactory  during  the  past  two  jears,  and  is  a  distinct 
member  of  a  series  of  standard  governors  being  manufactured. 
This  apparatus  embodies  some  novel  ideas,  therefore  a  short  de- 
scription will  be  given. 

37,  In  Section  X,  A  is  a  pistijn  rod,  having  a  piston  B*  with 
beveled  edges  or  the  corners  removefl,  B  is  aurronnded  by  the  ring 
pii^toii  C*  C  is  held  in  place  bj  the  ktora!  piston  rods  DD  and 
the  yoke  E.  E  is  centered  by  collars  I  and  G  by  means  of  springs 
F  and  H.  J  and  K  are  adjuatini?  collars  for  the  sprinp^  F  nnd 
H.  The  purpose  of  this  member  is  to  permit  a  rapid  movement 
of  the  piston  without  any  great  increase  of  pressure  between  its 
oxtronics.  A  careful  examination  will  show  that  this  device  has 
.1  collapsible  piston  that  operates  equally  well  in  either  direction. 
Its  first  action  is  that  of  the  ordinary  dash-pot  up  to  a  predeter- 
niinod  pressure;  after  that  it  gives  way  with  a  very  small  increase 
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Fig.  b. 


in  pressure.  This  device  has  a  large  range  of  adjustmentj  and  itii 
function  is  to  retard  the  action  of  the  control  element  in  a  gov- 
ernor, so  as  to  give  gravity  its  time  for  action  btsfore  the  governor 
has  (lone  too  much.  By  this  cylinder  the  action-?  of  ihp  governor 
can  be  timed  to  the  gravity  and  inertia  effects  of  the  power  unit, 
making  good  speed  regulation  possible. 


I 


Fio.  9. 
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38.  Section  Y  is  a  plan  of  the  collapsible  piston  and  slio^vs  the 
rehitive  positions  of  B  and  C.  L  shows  position  of  adjusting 
valve.  M  in  Section  X  shows  the  possible  portitiini  oi  P*  nud  C 
with  a  rapid  movement  of  the  piston.  In  the  new  type  govornora 
this  member  is  replaced  by  a  mechanical  device,  the  great  advan- 
tage of  which  is  that  it  is  purely  mechanical;  therefore  more  re- 
liable than  any  hydraulic  arrangement 

39.  Fig.  9  is  made  from  a  photograph  of  a  machine  that  is  now 
governing  a  steam  turbine  in  Texas.  It  is  the  first  of  this  type, 
and  is  therefore  subject  to  changes  as  far  as  general  appearance  is 


Kio.  10. 


concerned.  Its  present  form  was  for  the  purpose  of  demonstrating 
the  ])rinciples  involved.  We  have  not  yet  received  tabulated  data 
concerning  its  performance,  bnt  have  l)een  informed  that  it  meets 
the  reciiiirenients. 

10.  In  conclusion  will  say  that  all  good  engineers  who  have 
given  tlie  subject  careful  thought  agree  that  the  ideal  governor 
sliould  be  simple  and  easily  managed. 

it  should  be  carefully  and  compactly  designed. 

It  should  have  a  powerful  and  exceedingly  sensitive  control 
i/overnor. 
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It  should  embody  a  powerful  and  reliable  gate-moving  elemeat, 
wlioae  every  moyement  is  gradual  or  of  a  differential  character. 

It  should  be  limited  in  its  velocity  of  gate  movement  to  the 
hydraulic  and  mechanical  conditions  of  the  power  unit 

It  should  have  enough  temporary  and  differential  drop  to  make 
it  adjustable  to  the  present  day  power  unit  conditions. 

It  should  have  an  adjustable  permanent  drop,  so  that  this  faeto^^ 
can  be  reduced  to  a  minimum  in  the  plant  governed.  •  I^B 

It  should  be  provided  with  means  for  temporarily  changing  t^^^ 
speed  for  synchronizing  purposes,  and  this,  feature  should  be  con- 
trolled from  the  operating  board  of  the  modem  power  plant 

It  should  be  built  as  accurately  as  present-day  methods  will  per- 
mit- 

All  of  its  important  bearings  should  be  self  oiling. 

It  should  be  noiseless  in  all  of  its  actions. 

It  should  require  a  minimum  amount  of  power  for  the  per- 
formance of  ita  duties,  and  when  it  is  not  laboring  but  is  waiting 
for  inspiration,  the  energy  required  should  be  reduced  to  a  mere 
driving  of  empty  belts. 

The  IriEAL  Governor  shoui-d  be  Mechai^ical  ik  its  Evesy 
Detaii.- 

DISCUSSION. 

2h\  Fredlc  W,  Salmon. — I  should  like  to  ask  the  authof 
his  views  and  any  data  relating  to  the  operating  of  alternating 
current  generators  driven  by  water  turbines  in  parallel  with 
steam  engines^  if  any  special  difficulties  have  been  experienced? 
What  they  were?  The  cause  of  them?  How  they  were  overcome 
and  to  what  extent^  and  what  precautions  should  be  taken  to 
prevent  such  difficulties  and  others  likely  to  arise  in  such  work! 

Mr,  Mark  A ,  Rephgle,* — ^I  have  had  some  experience  in  govern- 
ing  water  turbines  in  connection  with  steam  engines  and  especially 
reciprocating  engines.  The  oscillatory  motion  of  a  crank  engine 
is  somewhat  stead ioil  by  running  it  in  multiple  with  a  water 
wheel.  This,  of  course,  is  due  to  combining  the  weights  or  mo- 
mcnfuin  of  the  revolving  parts.  The  main  difficulties  are  nsnally 
f()und  in  the  characteristics  of  the  governors.  In  order  to  insure 
perfect  operation,  the  characteri?itics  of  both  the  steam  governor 
and  t!ie  water  governor  must  bo  the  same.  That  is,  the  permanent 
drop  in  speetls  of  both  governors,  as  well  as  the  variation  in  eiirves 

*  Auilior's  d«>sure,  under  the  Rules. 
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due  to  the  load,  should  be  alike.  To  get  two  such  governors 
properly  synchronized  requires  some  experimentation.  There 
are  no  insurmountable  difficulties,  and  on  account  of  the  water 
governor  being  susceptible  to  all  kinds  of  adjustment,  it  can 
usually  be  adapted  to  the  steam  governor.  The  same  difficulties 
are  found  in  steam  engines  of  different  designs.  Often  a  very 
material  change  must  be  made  in  the  governors  of  large  steam 
engines  in  order  to  make  their  characteristics  nearly  enough  alike 
to  insure  equal  division  of  load.  Referring  to  the  query  "  what 
precautions  should  be  taken  to  prevent  such  difficulties  ?  "  I  will 
suggest  that  there  should  be  a  conference  of  competent  engineers 
for  the  purpose  of  establishing  standard  characteristics  so  that 
tlie  designing  engineer  can  specify  them  when  calling  for  propo- 
sitions. The  problem  of  governing  alternating  units  in  parallel 
is  of  such  importance  that  the  purchasers  of  governors,  whether 
for  steam  or  water  powers,  can  well  afford  to  purchase  intel- 
ligently, especially  when  they  hope  to  run  various  units  in 
parallel. 
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THE   REGULATION    OF   HIOH-PRESSURE    WATER 
WHEELS  FOR  POWER-TRANSMISSION  PLANTS. 

BY   GEO.  J.   HENRY,   JR.,    PAN   FRANCISCO,   CAL. 

(Meml)er  of  the  Society.) 

1.  When  the  modern  engineer  is  presented  with  a  problem  of 
safely,  economically  and  properly  governing  a  power-transmission 
plant,  there  are  a  number  of  points  to  receive  his  exhaustive  con- 
sideration, aside  from  the  construction  of  the  governor  itself. 

2.  A  modern  high-pressure  water  plant  is  usually  exposed  to 
the  danger  of  a  break  in  the  pressure  pipe.  Such  a  pressure  pipe 
frequently  carries  a  very  large  volume  of  water  at  anywhere  from 
200  to  1,000  pounds  per  square  inch  pressure;  and  a  break  in  this 
line  in  many  instances  would  mean  the  complete  wrecking  of  the 
power  house.  It  is,  therefore,  extremely  necessary  that  the  securitf 
of  this  pipe  line  be  guarded  in  every  way ;  and  the  old  metiiod  of 
regulating  turbine  wheels  by  throttling  the  water  is  one  that  should 
not  be  adopted  without  installing  suitable  protecting  device,  and 
even  then,  only  when  it  is  the  only  available  method.  Of  course 
in  many  instances,  particularly  where  a  large  storage  reservoir  is 
available  at  the  inlet  of  the  pipe  or  at  the  outlet  of  the  flume^  or 
where  the  peak  load  is  likely  to  exceed  the  normal  capacity  of  the 
riiime  (wliieli  may  l>e  a  long  one  and  very  expemive),  or  where 
it  will  exceed  the  normal  flow  of  the  streanij  it  becomes  advisable 
to  save  all  the  w^ater  possible;  and  this  can  only  be  done  by  pro- 
portioning the  wafer  flow  to  the  station  load  requirements.  Some 
form  of  regulflting  nozzle  is  of  course  the  best  way  of  accomplish- 
ing this  result,  but  it  does  not  by  any  means  follow  that  the  regu- 
lation of  the  speed  should  be  coincident  with  the  regulation  of  the  j 
water  flow,  as  will  be  pointed  out  Ivelow.  It  is  very  necessary,  in ' 
modern  power-transmission  plants,  to  maintain  the  speed  within 

»  Preaeitted    nt   the    Ciiatt4inrM*gji    raet^ling    (May,  ISKI6)   of    tb©    Amerfcan 
Societj   of  Median  leal    Engitreers,    and    f firming   part   of    Volume   t7  of   t^| 
2'raniffetiom. 
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very  close  limits,  and  1^  to  2^  per  cent  is  readily  obtainable  with 
well-designed  and  constructed  apparatus*  It  is  not  customary  to 
attempt  to  maintain  voltages  at  the  end  of  a  transmission  line  by 
varying  the  speed,  and  therefore  the  voltage  at  t!ie  generator,  but 
modern  practice  invariably  requires  the  maintenance  of  a  constant 
speed  and  voltage.  Fluctuations  in  voltage  are  then  taken  care  of 
by  varying  the  generator  field  or  by  accessory  apparatus,  as,  for  in- 
stance, the  Tirrell  regulator. 

3.  In  many  cases  it  is  not  permissible  to  vary  the  flow  of  water 
in  the  pipe  line,  the  requirements  of  the  irrigation  district  below 
the  plant  frequently  being  such  (and  the  courts  have  sustained 
this)  that  the  full  flow  of  the  stream  must  be  permitted  to  pass 
tlirough  the  plant  at  all  times.  It  therefore  becomes  impossible 
to  regulate  the  speed  of  a  plant  of  this  kind  by  varying  the  water 
flow,  unless  an  accessory  spill-way  or  pipe  line  feeds  into  the  same 
water  discharge  channel  that  water  which  overflows  the  pipe  inlet. 

4.  It  is  obvious  that  if  the  governor  which  is  to  be  used  to  move 
the  gates,  deflecting  nozzles  or  other  means  of  regulation,  is  not 
])rovided  with  a  "relay"  and  a  "relay  returning  device/'  that  the 
speed  is  very  apt  to  "  himt,''  causing  dangerous  fluctuation  in  the 
entire  system,  if  not  absolutely  preventing  auccessfiil  operation. 
It  is  also  obvious  that  the  rapidity  of  the  griivemor  operation  wiU 
<letermine  for  any  plant  with  a  given  iimount  of  stored  energy  in 
the  rotating  parts,  the  variation  in  speed  which  occurs  before  the 
governor  properly  checks  and  corrects  the  rise  or  fall  in  tlie  speed. 
On  the  other  hand,  every  mechanical  ^xovernor  requirfs  a  certain 
change  in  its  speed  before  it  tends  to  correct  the  variations*  Thia 
is  due  to  the  lap  of  the  valves,  the  friction  of  the  parts,  etc,  AgaiUj 
in  a  plant  having  a  large  amount  of  store<l  energy,  a  given  load 
fluctuation  will  produce  a  slower  speed  fluctuation.  Hence  the 
governor  will  get  into  operation  more  slowly,  and  altliough  oscil- 
lation or  hunting  is  still  likely  to  occur,  its  periodicity  will  be 
longer. 

5.  On  the  wliole,  it  may  be  stated  that  while  the  greatest  per- 
missible rapidity  of  governor  control  is  highly  desirable,  the  addi- 
tion of  fly  wheels  with  the  necessarily  increased  windage  and  bear- 
ing friction  are  not  in  ordinary  oases  desirable.  Governors  of 
(excellent  design  and  machine  construction  are  to  be  had  from 
several  manufacturers,  so  that  the  problem  which  confronts  the 
engineer  of  to-day  is  usually  that  of  properly  adapting  the  appa- 
ratus that  is  readily  obtainable  to  the  conditions  to  be  met  with  in 
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any  individual  plant.  The  general  practice  among  turbine  build- 
ers, as  stated  above,  is  to  control  the  speed  of  their  turbines  by 
cylinder  or  wicket  gates,  either  device  aiming  to  limit  the  orifioe 
of  discharge  without  varying  the  spouting  velocity,  and  therefore 
maintain  high  fractional  load  efficiencies,  although  neither  of  these 
devices  do  this  perfectly.  They  both  are  open  to  the  defect  of 
causing  a  variation  in  the  velocity  of  flow  in  tl^e  pipe  line,  and 
therefore  a  corresponding  water  ram  every  time  the  governor 
checks  the  velocity.  There  is  not,  ordinarily,  any  trouble  experi- 
enced, except  in  cases  of  extremely  low  head,  dne  to  the  governor 
opening  the  gates  too  quickly  and  the  water  not  getting  np  to 
spouting  velocity  quickly  enough;  but  there  is  frequently  very 
great  damage  caused  by  the  governor  shutting  the  gates  so  fast 
that  the  pipe  or  the  turbine  case  is  ruptured  by  the  resulting 
water  ram.  In  order  to  guard  against  this,  it  is  customary  to 
install  safety  valves,  which  usually  are  out  of  coEiraission,  owing 
to  their  requiring  too  great  an  increase  in  pressure  in  order  to 
actuate  them,  or  due  to  their  freezing  or  becoming  stuffed  up  with 
leaves,  sticks,  etc.,  carried  by  the  water.  Where  there  are  a  num- 
ber of  turbines  fed  by  the  same  penstock,  the  water  ram,  due 
to  a  single  machine  closing,  is  not  so  serious  as  where  there  are 
but  one  or  two  on  the  same  line;  but  the  resulting  change  in 
spouting  velocity,  due  to  the  monetary  water  raiiij  h  then  an  objec- 
tionable feature,  tending  to  cause  a  further  increase  of  speed  vari- 
ation. With  the  Pelton  type  of  water  wheel,  where  a  stream  of 
water  issues  at  full  spouting  velocity  from  a  nozzle  and  enters 
the  double-curved  surface  of  a  suitably  designed  bucket,  its  veloc- 
ity is  almost  entirely  taken  up  and  the  water  caused  to  discharge 
from  the  sides  of  the  water-wheel  buckets  at  zero  velocity.  This 
type  of  wheel  readily  lends  itself  to  a  construction  utilizing  a  de- 
flection of  the  stream  of  water  from  the  buckets  in  order  to  reduce 
the  load  that  the  wheel  will  carry  at  any  instant  of  time-  Such 
deflection  can  readily  be  accomplished  without  interfering  with 
the  spouting  velocity  of  the  water  from  the  nozzles,  by  merely 
diverting  the  stream  off  or  on  to  the  buckets.  This  can,  of  course, 
be  done  by  pivoting  the  nozzles,  or  the  nozzles  may  be  made  rigid 
and  a  stream  deflector  introduced  into  the  ji^t  in  front  of  the 
nozzle  tip. 

6.  Fig.  1  is  a  view  of  a  Pelton  wheel  in  oj^eration  when  run- 
ning at  the  correct  speed,  and  shows  one  bucket  jnst  entering  the 
stream  of  water;  another  bucket  advanced  to  a  mid-position  and 
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receiving  the  full  impact  of  the  jet,  and  the  third  bucket  receiving 
the  remaining  portion  of  the  jet,  which  has  been  cut  off  and  is 
now  flowing  into  the  second  bucket.  The  discharge  from  the  sides ' 
of  the  buckets  is  clearly  shown,  and  the  fourth  bucket,  although 
not  receiving  water,  is  clearly  shown  to  be  discharging  it,  it  having 
received  its  section  of  the  stream  which  is  still  flowing  over  its 
interior  surface  and  discharging  from  the  outer  edge.     This  photo 


Fid.    1. 

was  taken  with  a  special  apparatus,  the  wheel  being  illuminated 
by  an  arc  lamp  in  front  of  which  is  rotated  a  shutter  exposing  a 
ray  of  li^ht  at  every  instant  that  a  bucket  passes  a  given  spot. 
( Tlic  apparatus  was  fully  descrilKnl  before  the  Pacific  Const 
Transiuission  Association  at  San  Kafaol,  June  10,  100»].) 

7.  Fi^.  2  is  a  model  showintr  a  pivoted  dellecting  nozzle,  which 
i-^  arraiiii'cd  lor  movinir  up  and  down  by  the  automatic  governor 
wliicli  is  run  l)y  suital)lo  belt  from  the  wheel  shaft. 

s.    Fiir.  :>  shows  a  triph*  nozzle^  for  application  to  a  Polton  wheel, 
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each  outlet  of  which  is  fitted  with  a  stream  cut-off.  Those  cut- 
offs vary  the  size  of  the  opening,  and  therefore,  while  not  varying 
the  spouting  velocity  of  the  water  issuing  from  them,  vary  its  cross- 
sectional  area,  and  consev][uently  cause  more  or  less  water  ram  in 
the  pii)e  line,  but  economize  in  water.  The  objectionable  featora 
of  the  deflecting  nozzle  is  its  wastefulness  when  operating  the 
plant  at  less  than  full  load,  and  the  objection  to  the  cut-off  is  that 
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it  exposes  the  pipe  line  to  constantly  recurring  shock  exactly  the 
same  as  a  turbine  gate.  In  order  to  economize  with  water  and 
secure  accurate  governing,  it  has  been  the  custom  in  recent  years 
to  install  a  combination  needle  and  deflecting  nozzle.  The  needle 
nozzle  is  one  in  which  a  suitable  curved  central  core  is  provided 
to  direct  tlie  stream  of  water  issuing  from  the  nozzle,  the  nozzle 
tip  being  also  curved  to  properly  direct  the  stream  over  this  sur- 
face. Such  a  nozzle  is  shown  in  Fig.  4,  the  needle  projecting 
bevoud  the  surface  of  the  nozzle  tip;  and  in  Fig.  5  the  needle  is 
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sure.  In  following  this  course  we  must,  however,  avoid  closing  the 
needle  to  such  a  point  that  a  sudden  load  coming  on,  and  the 
governor  raising  the  nozzle  into  the  wheel,  there  will  not  be  suf- 
ficient water  to  generate  the  required  power.  In  practice,  the 
combination  needle  and  deflecting  nozzle  is  used  by  setting  the 
needle  to  a  point  corresponding  with  the  peak,  which  is  likely  to 
occur  during  each  hour,  and  then  allowing  the  governor  to  take 
care  of  the  speed  variations  up  to  this  peak.  By  this  course  some 
water  is  naturally  wasted,  but  there  is  also  a  very  considerable 
saving  effected,  and,  except  in  the  largest  plants,  it  would  hardly 
be  worth  while  to  install  special  automatic  apparatus  for  effecting 


Kio.  Tk 


a  further  saving.  To  hanrlb  these  large  needles  and  also  these 
large  deflecting  nozzles  qiiickly  requires  a  very  considcTable  amount 
of  power.  Two  such  nozzles  as  sho^^oi  in  Fig.  5  require  about 
12,000  footjiounds,  and  when  operating  under  890'  effective  head 
are  capable  of  developing  upward  of  10,000  horse-power  from  the 
two  water  wheels  which  are  mounted  on  a  single  shaft.  The  type 
of  unit  on  which  this  is  used  is  clearly  shown  in  Fig.  6,  the  tr- 
emor being  arranged  in  the  center  between  the  two  gate  valvei 
and  controlling  both  of  the  nozzles.     The  floor  stands  for  oper* 
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ating  and  their  indicators  for  showing  the  positions  of  the  noodles 
are  shown  on  each  side, 

9,  In  order  to  further  reduce  the  power  required  to  handle 
these  large  nozzles,  counterbalancing  cjlinders  may  be  introduced 
under  the  nozzles,  supplied  by  pressure  either  from  the  governor 
oil-punip  system  or  from  the  main  pressure  pipe  line,  as  shown  in 
Fig,  7,  It  is,  of  course,  advisable  to  keep  all  of  the  water  pres- 
sure parts  and  governor  operating  parts^  except  the  delicate  mecha- 
nism, below  the  door  line,  and  it  is  customary  to  cover  the  pit  in 
which  they  are  located  with  sheet  steel  grilled  floor  plates.  The 
curve.  Fig.  8,  will  give  some  idea  of  the  amount  of  water  saved 


VUK  0 

by  using  tlie  combination  ntsetlle  and  deflecting  nozzle*  The 
.unount  of  water  required  to  handle  the  plant,  if  wo  had  an  abao- 
lutcly  perfect  gate  operating  mechanism- — ie,,  one  in  whicli  the 
water  quantity  would  Ije  directly  proportional  to  the  kilowatti*  de- 
livered from  the  generator — would  he  ^hmvn  n^  the  area  within 
the  curve  A.  The  amount  of  water  required  by  the  needle  deflect* 
iu^r  nozzle  whore  the  needle  is  set  to  the  peak  th^  will  occur 
within  any  hour  is  shown  by  the  curve  B;  and  tho  amount  of 
water  that  would  be  required  if  we  \ised  a  straight  ordinary  defiect- 
in,2:  nozzle  would  be  that  included  in  the  entire  parallelogram  C. 
Of  course  tlie  difference  l>etween  T5  and  C  mav  be  turned  into  a 
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re^rvoir  and  result  ia  the  Power  Company  selling  a  greater  out- 
put from  their  plant,  using  the  same  original  water  supply.  Such 
an  approximately  increased  output  curve  13  sho%\Ti  by  the  line  D, 
In  order  to  save  the  water  quantity  between  A  and  B  it  has  here- 
tofore been  necessary  for  us  to  sacriSce  the  safety  of  our  pipe  by 
using  a  governor  acting  directly  on  the  needle  nozzle ;  and  in  order 
to  compensate  for  thia  additional  risk  as  far  as  possible,  it  is  ad- 
visable to  use  safety  water  relief  valves.  Such  relief  valves,  if  of 
any  value,  will,  of  course,  permit  the  escape  of  some  water  from 
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the  pipe  line  whenever  the  governor  closes  the  gate  quickly,  and 
will  accomplish  the  same  result  as  sotting  the  needle  of  the  de- 
tlectinc:  nozzle  by  hand  at  more  frequent  intervals,  thus  drawing 
the  curve  B  closer  and  closer  to  the  curve  A. 

10.  In  the  average  installation,  even  although  water  economy 
is  important,  it  would  hardly  pay  to  introduce  expensive  or  com- 
plicated devices  for  the  purpose  of  taking  care  of  this  slight  sav- 
ing between  curves  A  and  B.  On  the  other  hand,  power  plants 
are*  becoming  larger,  and  water  power  more  expensive  to  develop, 
making  the  value  of  water  greater,  and  making  the  units  of  much 
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larger  capacity,  thus  allowing  the  introduction  of  comparatively 
few  automatic  devices  to  save  a  quantity  of  water  corresponding 
with  a  much  greater  horse-power  than  was  possible  a  few  years  ago, 

i 
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An  automatic  by-pass  nozzle  will  accomplish  the  desired  result 
with  the  best  success.  This  consists  of  a  needle  nozzle  similar 
in  general  construction  to  that  shown  in  Fig,  4,  except  that  the 
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needle  is  pulled  back,  from  or  advanced  into  the  tip  by  the  governor, 
thus  allowing  a  greater  or  lesis  flow  of  water  on  to  tbe  buckets 
of  the  water  wheel;  and  coincident  with  the  needle's  action  a  by- 
pass is  operated  admitting  a  diaciiarge  of  water  from  the  nozzle 
body  when  the  effective  stream  is  reduced.  This  discharge  of  water 
is  only  momentary,  the  by-pass  valve  iramediateiy  starting  to  slowly 
close,  its  rate  of  closing  being  dependent  upon  the  length  of  the 
pipe  line  and  the  permissible  rise  of  pressure  above  uonuaL  Such 
a  device  is  shown  in  Fig.  9.  It  will  be  noticed  that  the  successful 
operation  of  this  device  does  not  in  any  way  require  or  depend 
upon  the  raise  in  pressure,  due  to  the  water  ram,  but  is  entirely 
independent  of  this.  Moreo'S'erj  the  by-pass  for  the  dash-plot  cyl- 
inder is  arranged  with  a  double  valve,  so  that  when  an  increased 
load  comes  on  the  water  wheel  the  needle  is  quickly  pulled  back, 
the  oil  in  the  by-pass  cylinder  then  being  allowed  to  return  to  the 
front  compartment  with  mucti  greater  rapidity.  This  device, 
therefore,  secures  for  us  the  best  possible  regulation  by  quickly 
\arying  the  effective  stream's  eroas-^ectioniil  area^  which  is  attained 
with  the  greatest  degree  of  safety  to  the  pipe  line  by  preventing 
water  ram.  It  can  also  be  handled  by  a  compflratively  light  gov* 
ernor,  as  the  parts  can  be  well  balaneed  and  require  a  very  small 
amount  of  power  to  handle  them.  This  by-pass  nozzle  can,  of 
course,  be  built  in  a  number  of  waySj  but  Fig,  9  shows  one  of  the 
best  and  simplest  constructions  for  it* 

11.  It  is  obvious  that  if  we  eliminate  the  dash-pot  cylinder  and 
properly  construct  the  curves  of  approach  to  the  by-pass  outlat, 
we  can  then  vary  the  cross-section  of  our  effective  stream  without 
interfering  with  the  velocity  of  flow  in  the  pipe  line,  permitting 
whatever  water  may  be  cut  dowTi  from  the  effective  stream  to  dis- 
charge through  the  by-pass  outlet,  thus  securing,  if  necessary,  a 
constant  rate  of  discharge  through  the  nozzle,  and  at  the  same  time 
obtain  accurate  regulation  on  the  water  wheel.  In  practice,  how- 
ever, if  it  is  desired  to  attain  this  object,  deflectini^  nozzles  will 
probably  be  found  more  satisfactory.  They  may  bo  readily  coim* 
terbalanced,  either  by  weights  or  iii  lar^  installations  by  hydraulie 
or  oil  pressure  through  suitable  cylinders  arranged  immediately 
under  the  nozzles.  They  do  not  in  any  way  interfere  with  the 
flow  of  water  in  the  supply  pipe,  nor  can  any  damage  that  would 
in  ordinary  practice  occur  to  them  be  likely  to  cause  any  inter- 
ference with  this.  Where  the  deflecting  nozzle  is  used  for  speed 
regulation  we  may  rest  assured  that  we  are  obtaining  the  maxi- 
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mum  safety  of  our  pipe  line.  The  coxmections  for  operating  snch 
a  deflecting  nozzle  as  installed  in  most  of  the  best  plants  are  ahawn 
in  Fig.  4,  where  tension  rods,  operating  through  suitable  bell 
cranks  and  universal  joints,  raise  and  lower  the  two  deflecting 
nozzles  operating  on  the  two  wheels  of  a  single  unit  (of  the  type 
shown  in  Fig.  6),  such  control  being  effected  by  a  single  governor. 
In  the  case  of  a  10,000  horse-power  unit  operating  under  890' 
head,  about  12,000  foot  pounds  is  required  to  properly  move  these 
nozzles;  and  in  order  to  secure  good  regulation,  this  work  has  to 
be  performed  in  from  two  to  two  and  one-half  secondsj  the  gener- 
ators carrying  a  railway  and  gold-dredger  load.  However  well  this 
apparatus  may  be  constructed,  there  is  a  sufficient  amount  of  lost 
motion  to  prevent  their  accurately  arriving  at  the  position  de- 
manded by  the  governor ;  and  therefore,  when,  the  parb  have  once 
come  to  rest,  the  wheel  speed  may  be,  at  times,  sufficiently  removed 
from  the  normal  speed  to  cause  the  governor  to  again  shift  them. 
This  lost  motion,  therefore,  has  the  effect  of  causing  the  governor 
to  "  hunt,''  although  within  narrow  limits  (in  practice  within  the 
2  per  cent,  mentioned  above).  Again,  to  properly  constniet  and 
care  for  these  heavy  rock  shafts,  it  is  quite  expensive,  and  their 
lubrication  is  quite  an  important  feature. 

12.  In  order  to  correct  these  defects,  particularly  in  large  plants 
having  a  number  of  units,  the  construction  shown  in  Fig.  10  is 
advised.  In  this  case  each  nozzle  is  entirely  controlled  by  a  pres- 
sure  cylinder  located  immediately  over  or  under  it,  and,  if  desired, 
a  separate  cylinder  may  be  used  for  counterbalancing  the  nozzle 
weight,  or  the  operating  cylinder  may  be  made  of  the  differential 
type.  This  construction  permits  the  removal  of  all  the  expensive 
connections  heretofore  located  between  the  governor  and  the  noz- 
zles, thus  eliminating  the  difficulties  experienced,  due  to  lost  motion 
and  the  large  expense  involved.  The  governor  is  of  the  usual  type 
and  admits  pressure  fluid,  usually  a  special  mixture  of  oil,  into  one 
side  or  the  other  of  the  nozzle  operating  cylinder,  tliiis  raising  or 
lowering  the  nozzle  without  the  intervention  of  other  connecting 
means  than  a  pair  of  links.  The  governor  may  be  located  above 
the  floor  line  and  the  piping  connections  carried  to  the  cylinder 
under  the  nozzles.  As  the  nozzle  moves  to  take  up  its  new  posi- 
tion, it  actuates  through  a  small  connecting  rod  a  piston  located 
in  a  displacement  cylinder,  which  displaces  a  small  amount  of  oil, 
and  thus  resets  the  piston  valve  which  controls  the  flow  to  the  oper- 
ating cylinder,  this  piston  valve  being  operated  on  the  other  side 
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by  the  fly-balls  actuating  a  small  controlling  piston  valve.  In 
order  to  properly  synchronize  a  number  of  machines- a  small,  re- 
versible motor  may  be  located  on  the  governor  connections  and 
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jif'liKiicd  from  j)iish  l)utt()ns  on  the  switchboard,  this  motor  Icmgth- 
cninir  <>r  shortciiinir  the  pilot  valve  stem,  which  is  actuated  by  the 
tly-l)nll<.     This  will  ciiahle  the  operator  to  start  up  the  wheel  from 
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the  switchboard  by  gradually  raising  the  effective  stream  into  tlie 
wheel  by  shifting  the  valve  stem,  and  thus  permitting  oil  to  flow 
to  the  outside  of  the  operating  cylinder.  In  all  modem:  plants  a 
number  of  units  are  operated  in  synchronism,  feeding  into  a  single 
set  of  bus-bars.  Therefore  all  of  the  units  run  at  absolutely  the 
same  speed,  regardless  of  the  position  of  the  nozzles,  and  unless 
the  nozzles  are  all  about  of  the  same  relative  position  one  of  the 
units  carries  a  greater  amoimt  of  load ;  or  unless  the  governors  are 
adjusted  exactly  right,  some  of  the  nozzles  are  likely  to  be  entirely 
deflected  and  their  machines  running  as  motc^rs.  It  is  therefore 
advised  that  there  be  arranged  a  single  governc^r  driven  by  a  small 
synchronous  motor,  which  in  Fig;  10  is  shown  belted  to  the  gov- 
ernor for  the  sake  of  clearness.  This  should  in  practieej  Uoweverj 
be  direct-connected  and  mounted  on  the  governor  table,  the  gov- 
ernor being  provided  with  a  suitable  set  of  valves  and  accessory 
operating  cylinder  and  relay  and  relay-returning  devices.  Any 
variation  in  speed  that  occurs  on  the  main  unit  instantly  causes  a 
corresponding  speed  change  in  the  governor  Inills  and  eausos  the 
governor  to  shift  its  piston  an  amount  corresponding  with  the 
change  which  will  be  required  in  the  setting  of  all  the  nozzles  im 
order  to  properly  adjust  them  to  the  new  load  rpqniremeuts,  Thia 
governor  piston  shifts  the  long  vertical  lever  shown  in  the  figure, 
thus  operating  the  four  pilot  valves  which  admit  pressure  fluid  to 
one  side  or  the  other  of  the  operating  cylinders  located  under  each 
nozzle.  All  of  the  nozzles  being  controlled  by  tliis  single  governor 
will  then  move,  although  it  is  not  necessary  that  they  should  move 
at  the  same  speed  or  that  they  should  require  the  same  amount  of 
work  to  move  them.  Each  nozzle  as  it  moves  will  gradually  shift 
the  pilot  valve  piston  back  into  its  original  position,  through  the 
action  of  the  floating  levers,  until  the  ports  of  the  nozzles'  operating 
cylinders  are  again  closed.  All  the  nozzles  will  therefore  take  up 
a  position  exactly  corresponding  with  each  other^  and  their  position 
may  be  indicated  above  the  floor  line  by  the  position  of  the  long^ 
vertical  lever  connected  with  governor  piston. 

13.  It  will  be  observed  that  an  adjustment  can  readily  be  pro- 
vided on  the  rods  connecting  the  floating  levers  with  the  pilot 
valves  to  adjust  the  pilot  valve  setting  with  respect  to  its  own 
nozzle,  thus  enabling  the  station  operator  to  unequally  distrihute 
the  load  on  the  different  units,  or  in  starting  to  properly  syn* 
chronize  them. 

14.  If  desired,  this  same  apparatus  may  be  applied  to  stream 
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deflectors,  the  operating  cylinders  shovm  in  the  figure  under  the 
nozzles  being  then  arranged  to  shift  the  stream  deflectors.  Sueh 
au  aiitouiatic  counterbalanced  stream  deflector  is  shown  in  Fig.  llj 
the  interior  surface  af  the  stream  deflt^ti>r  hcing  curv^ed  so  as  tt> 
secure  a  reaction  equal  to  the  pressure^  thus  enahling  this  device 
to  be  moved  into  or  out  of  a  very  large  high-pressure  stream  with 
an  extremely  small  effort;  and  the  operating  cylinders  may  be 
arranged  to  move  the  needles  in  or  out  of  the  nozzles,  or  they  may 
he  applied  to  the  by-pass  nozzles  mentioned  above;  in  any  event, 


enabling  the  entire  plant  to  bo  operated  from  a  single  small  gov* 
ernor,  located  at  the  mo&t  ctjuvenient  point  in  the  power  house, 
rlius  d^tiujj;  away  with  a  largt^  anumnt  *>f  exiH^nsive  apparatus  and, 
what  is  more,  simplifying  the  design  throughout  and  securing 
better  regulation.  The  common  rock  shaft  which  shiftn  the  float- 
ing levers  should,  of  course,  l>e  made  of  such  size  as  to  practically 
eliminate  torsion,  but  to  properly  handle  the  largest  nozzles  will 
require  but  a  very  few  foot  pounds  of  work  as  against  many  thou- 
sands heretofore ;  so  that  this  is  a  point  easy  of  attainment 

15.  It  will,  of  course,  be  noticed  that  the  use  of  the  needle  and 


d 


678 


REGULATION    OF    HIGH-PRESSURE    WATER    WHEELS. 


deflecting  nozzle  does  not  provide  a  means  of  suitably  goyemixig 
turbine  plants,  and  the  present  state  of  the  art  is  such  that  the 
use  of  safety  valves  is  almost  absolutely  necessary  to  properly  pro- 
tect the  pipe  line  when  governing  them  on  railway  and  other  rap- 
idly fluctuating  loads.  Such  a  valve  is  shown  in  Fig.  12.  In  this 
design  a  double-beat  safety  valve  is  provided  on  the  main  pipe 


Fig.  12. 

line,  in  which  valve  chamber  both  valves  are  held  securely  on  their 
seats  by  fluid  pressure  entering  a  cylinder  and  exerting  a  heavy 
pressure  on  the  piston,  which  is  directly  connected  with  them.  The 
removal  or  reduction  of  this  cylinder  pressure  (shown  as  the  upper 
chamber  in  the  valve)  will  serve  to  release  with  greater  or 
rapidity  and  to  a  greater  or  less  de^jree  the  double  valve  from  its 
seats,  thus  allowing  a  suitable  discharge  of  water  from  the  main 
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pressure  line  to  relieve  the  water  ram.  It  is  therefore  necessary 
for  us  to  first  reduce  and  then  slowly  restore  the  pressure  in  the 
top  cylinder  (Fig.  12),  if  we  desire  to  relieve  the  crater  pressure 
in  the  main  pipe  line.  In  order  to  accomplish  this  a  connection 
is  made  from  the  main  pressure  line  to  a  rotating  pilot  valve.  Thia 
pilot  valve  is  shown  in  section  and  plan.  Fig.  12,  the  central  side 
outlet  being  connected  to  the  cylinder  in  the  top  of  the  discharge 
valve,  Fig.  10,  and  all  being  arranged  in  connection  with  the  water* 
wheel  apparatus  as  shown  in  the  lower  diagram, 

16.  It  will  be  observed  that  water  pressure  against  the  end  of 
the  piston  in  the  pilot  valve  tends  to  compress  the  adjustable 
spiral  spring,  and  the  piston  takes  up  an  intermediate  position 
just  sufficient  to  maintain  pressure  on  the  piston  of  the  double-beat 
safety  valve.  If  now  an  increase  in  pressure  occurs  in  the  main 
line  the  pilot-valve  piston  is  driven  forward,  closing  the  pressure 
connections  from  the  relief  valve  and  allowing  the  relief  valve 
to  operate  through  the  pilot-valve  port  to  the  discbarge  pipe^  there 
fore  instantly  relieving  tlic  pressure  which  maintains  the  double* 
beat  valve  in  its  closed  position,  allowing  the  valve  to  open  and 
free  the  pipe  line  of  its  excess  pressure.  As  soon  as  this  excess 
pressure  is  properly  relieved  and  normal  pressure  restored  by  the 
escape  of  the  water  through  the  double-beat  valve,  the  pilot-valve 
piston  returns  to  its  original  position  of  cutting  off  the  discharge 
from  the  relief  valve,  and  restoring  the  connection  between  the 
relief- valve  cylinder  and  the  main  pipe,  thus  closing  the  relief 
valve. 

17.  It  will  be  seen  that  the  action  of  this  valve  is  very  positive, 
and  yet  its  operation  occurs  within  extremely  narrow  limits  of 
pressure  variation,  if  the  spiral  spring  is  suitably  adjusted  for  tliia 
purpose.  The  piston  is  (loutinually  rotated  from  the  wnter-wheol 
shaft  or  other  source  of  motion,  in  order  that  it  j^hall  num*  quickly 
ros[x)ud  to  pressure  variations  and  not  by  any  possihility  stiek  in 
the  packing  gland. 

18.  A  feature  of  advantage  in  this  construction  h  that  a  vi^ry 
small  quantity  of  pressure  fluid  is  used  for  operating  the  safety 
valve — not  more  at  any  time  than  the  volume  of  the  cylinder. 
Therefore,  a  very  small  velocity  occurs  in  the  pine  lendiui?  from  the 
main  pipe  line  to  the  pilot  valve,  and  there  is  consequently  a  very 
much  less  chance  of  its  becoming  plugged  up  with  leaves,  sticks, 
etc.,  and  a  settling  chnuil)or  may  be  introduced  in  this  pipe  line 
with  a  suitable  blow-off  valve,  if  the  water  is  likely  to  carry  ma- 
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terial  which  would  in  any  way  interfere  with  its  operation.  As 
a  further  precaution,  the  connection  to  the  pilot  valve  may  be 
taken  from  the  side  of  the  pipe  instead  of  the  top  or  the  bottom, 
thus  avoiding  material  that  would  float  or  that  would  sink  in 
the  water  column  traversing  the  main  pipe.  A  valve  of  this  type 
with  its  pilot-controlling  mechanism  is  of  course  more  expensive 
than  the  ordinary  spring-actuated  safety  valve,  but  it  can  be  de- 
pended upon  to  give  very  much  more  accurate  regulation,  and  is  a 
much  better  protection  to  a  pipe  line  than  any  valve  of  the  spring- 
actuated  type. 

DISCUSSION. 

M7\  Frederick  W.  Salmon, — Mr.  President  and  Grentlemen:  I 
should  like  to  inquire  about  the  operating  of  alternating  current 
generators  driven  by  water  turbines,  or  Pel  ton  wheels  (impact  or 
reaction  water  wheels),  in  parallel  with  steam  engines.  Have  any 
special  difficulties  been  experienced  ?  If  so,  what  are  they,  what 
are  the  causes,  and  how  are  they  overcome?  What  precautions 
should  be  taken  to  prevent  such  difficulties  and  others  likely  to 
arise  in  such  work? 

The  Author.'^ — The  subject  of  tlie  paralleling  of  alternating 
current  generators  has  been  very  ably  discussed  at  a  number  of 
meetings  of  the  American  Institute  of  Electrical  Engineers,  where, 
I  believe,  very  complete  data  on  this  subject  will  be  found.  I  do 
not  think  any  greater  difficulty  should  be  experienced  running 
alternating  current  generators  driven  by  water  power  and  by 
steam  engines  in  parallel  than  if  both  are  driven  by  steam  en- 
gines. As  far  as  satisfactory  electrical  regulation  is  concerned, 
I  believe  this  can  be  depended  upon  more  satisfactorily  from 
water-driven  generators  than  from  tliose  driven  by  recipr'*canni^ 
steam  engines.  It  is  the  practice  in  several  plants  running  water- 
driven  generators  in  the  mountains,  transmitting  to  sito^  where 
the  power  may  be  supplemented  at  times  by  current  frcnn  steam- 
driven  generators,  to  do  the  speed  regulating  at  one  of  the  other 
power  houses;  that  is,  adjusting  the  governor  of  one  or  the  other 
equipments  to  lag  behind  slightly.  Suppose,  for  instance,  we 
adjust  our  governors  so  that  the  steam  engine  will  be  entirely 
shut  off  by  its  governor  before  the  governor  in  the  hydraulic 
power  house  would  begin  to  close  off  the  water,  there  being'  allowetl 
a  very  slight  difference  in  speed,  to  which  the  governors  wore 

*  Author's  closure,  under  the  Rules. 
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adjusted  for  this  purpose.  The  result  would  be  that  oui*  hydraulic 
equipment  would  be  oper:iting  at  full  output  continuously,  and 
the  necessary  amount  of  overloail  piMDvided  by  the  steam  equip- 
ment, thus  making  the  beet  use  of  the  water  and  conservini^  the 
fuel  at  the  steam  plant.  I  belic\*e  this  is  in  line  with  the  be^^t 
practice,  and  know  of  no  instance  where  trouble  has  resulted  froui 
it.  Where  a  number  of  hydraulic  or  steam  plants  are  being  run 
in  parallel,  the  same  course  nuiy  be  pursued,  conserving  the  water 
or  fuel  at  those  points  where  it  will  have  the  greatest  value. 
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SPEED    REGULATION    OF    WATER-POWER    PLANTS. 

BY  JOHN   8TURGE88,   TROY,    N.  Y. 

(Member  of  the  Society.) 

1.  In  this  paper  an  attempt  will  be  made  to  present  oertain 
aspects  of  the  problem  of  regulating  water-power  plants,  which  are 
usually  passed  over  with  little  consideration.  These  aspects  re- 
late to  certain  fundamental  elements  of  design  in  the  water  wheel 
itself,  and  to  the  characteristics  of  governor  action  as  obtained  in 
the  best  practice  of  the  day. 

2.  It  has  seemed  to  the  author  that  much  inaccuracy  of  con- 
ception exists  on  this  subject,  even  among  those  more  or  less  in 
daily  touch  with  water-power  development.  This  is  no  doubt 
largely  due  to  the  evolution  of  water-power  work,  and  the  tendency 
to  accept  as  final  certain  features  of  the  plant  which  may  have 
fully  answered  requirements  a  decade  ago,  but  which  are  in  need  of 
study  and  revision  to  meet  present-day  needs. 

3.  The  commercial  importance  of  satisfactorily  regulating  the 
speed  of  such  plants  is  now  fairly  well  recognized,  though  it  is 
surprising  how  often,  even  at  the  present  day,  the  whole  questioti 
of  governing  is  treated  as  a  matter  of  minor  importance  when  the 
designs  of  the  plant  are  in  course  of  preparation*  It  has  fre- 
quently occurred  within  the  author's  experience  that  the  genera- 
tors and  water  wheels  of  a  plant  will  be  completed  and  installed  be- 
fore attention  is  turned  to  the  governors.  The  consequence  is  that 
the  latter  unavoidably  wears  the  aspect  of  a  patch,  is  needlesalj 
complicated  and  inconvenient,  and  is  unnecessarily  expensive,  botli ' 
to  construct  and  maintain.  It  is  not,  however,  otir  purpose  to  die- 
cuss  this  question  now. 

4.  In  regulating  a  water  wheel  it  is  not  sufficient  to  confine 


*  Presenled  at  the  Chattanooga  Meeting  (May,  1006)  of  the  AmeriaRit 
Society  of  Mechanical  Engineers,  and  forming  part  of  Voliiurc  27  of  the  TVon^ 
acfiojis. 
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our  attention  to  the  governor  only,  for  the  problem  ia  intimately 
associated  with  other  important  features  of  the  plant.  To  gain 
a  clear  conception  of  this  matter,  we  will  divide  the  plant  into  tbe 
following  elements : 

(1)  A  great  body  of  moving  water,  either  completely  con&icd 
in  pipes  or  partially  confined  in  more  or  less  open  channels. 

(2)  A  turbine  wheel  so  set  that  all  the  water  passing  through 
the  pipes  or  channels  miiiist  pass  through  the  wheel. 

(3)  A  gate,  usually  set  immediately  before  the  wheel,  for  con- 
trolling the  power  output  of  the  wheel. 

(4)  A  governor  for  automatically  operating  this  gate  ao  as 
to  maintain  uniform  speed  on  the  wheel  shaft. 

5.  The  ultimate  function  of  the  gate  is  to  control  the  power 
output  of  the  wheel.  It  does  so  (or  attempts  to)  by  varying  the 
aperture  through  which  tho  water  flows.  It  may  appear  at  first 
sight  that  this  means  would  directly  accomplish  the  purposcj  but 
a  little  consideration  will  show  that  it  will  not  do  so  in  the  man- 
ner required  under  modern  conditions. 

6.  The  gate  consists,  essentially,  of  an  adjustable  aperture, 
as  stated  above.  It  is  set  so  that  the  water  passes  immediately 
from  the  aperture  into  the  wheels  this  remark  applying  alike  to 
cylinder,  register,  wicket  and  other  forms  of  gates  as  found  on 
water  wheels  of  the  present  day*  Reducing  the  aperture  (closing 
the  gate)  is  intended  to  reduce  the  power  output  of  the  wheel, 
and  increasing  the  aperture  (o]x^ning  the  gat^)  ia  intended  to  in- 
crease the  power  output. 

7.  It  will,  however,  ho  obvious  that  simply  tncreamng  or  de- 
creasing the  aperture  will  not  cause  the  power  developed  by  the 
wheel  to  vary  in  like  manner  for  the  reason  that  any  midden  re* 
striction  in  the  aperture  cannot  iimtaiitly  check  the  velocity  of 
the  mass  of  moving  wakT  extending  throughout  th«  whole  hy- 
(Iraulic  system.  The  imniedifttu  effect  of  roducing  thu  iipertum  i$ 
to  eause  the  same  mass  (4  wator  to  1h^  ejwfed  on  tlio  whoiO,  but 
with  a  higher  velocity,  tlius  actxially  increasing  Uie  ywwer  of  the 
wheel  at  the  very  moment  %vhon  uniformity  of  speed  demanded 
that  it  should  be  decrea-^cth  On  suddtmly  increasing  the  aper* 
tnre,  tlio  reverse  eifect  take**  place. 

<S.  It  makes  little  diffi'if*nco  if  open  channels  are  substituted 
for  a  closed  pipe  (except  that  certain  danger  dements  are  ab#etit 
and  an  r.pon  channel  usually  has  a  larger  eroit  section  rosuldng 
benoficially  in  lower  velocity  of  water),  for  the  wttcr  will  rise 
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or  fall  at  the  forward  end  under  similar  circumstances  and  pro- 
duce similar  results  at  the  wheel. 

9.  Close  regulation  requires  an  exact  balance,  at  every  instant, 
between  the  power  output  and  the  load.  Any  lack  of  balance 
in  this  respect  will  produce  an  immediate  effect  in  the  speed, 
unless  the  energy  of  the  revolving  mass  is  considerable,  compared 
to  the  energy  in  output  per  second.  As  a  1,000  horse-power  wheel 
develops  550,000  foot  pounds  of  energy  per  second,  if  the  gate 
is  unable  to  control  the  power  output  closer  than  within,  say,  1 
second  of  the  instant  that  the  gate  is  adjusted,  the  wheel  must 
inevitably  be  accelerated  or  retarded  an  amount  equivalent  to  this 
amount  of  energy.  What  the  actual  degree  of  this  variation  will 
be,  will  depend  upon  the  momentum  (or,  more  strictly,  kinetic 
energy)  of  the  mass  to  which  the  energy  is  applied,  according  to 
well-known  laws.  Unless  this  mass  is  very  large  (much  larger  than 
is  usually  found  in  practice)  the  speed  variation  from  this  cause 
alone  will  exceed  the  limits  within  which  it  is  desirable  to  keep. 

10.  In  plants  where  the  pipe-line  is  long  and  the  veloci^  of 
the  water  high,  the  gates  cannot  control  the  power  output  of  the 
wheel  within  several  seconds  of  the  instant  that  the  gate  is  moved, 
and  when  the  energy  of  the  revolving  parts  is  low  (as  it  frequently 
is,  consisting  of  notliing  but  the  momentum  of  a  light  water  wheel 
and  comparatively  light  revolving  field  or  armature),  no  amoxuit 
of  perfection  in  a  governor  can  prevent  considerable  momentary 
variations  in  speed  when  large  changes  of  load  occur  suddenly. 
For  it  is  to  be  observed  that  the  causes  of  this  variation  lie  quite 
outside  the  governor  itself,  as  the  variation  would  occur  if  the 
governor  was  instantaneous  in  its  operation,  and  absolutely  syn- 
chronous with  the  load  change,  conditions  which  can  only  be  ap- 
proximated in  practice. 

11.  It  was  stated  above  that  the  act  of  varying  the  aperture 
through  which  the  water  passed  not  only  failed  to  immediately 
control  the  volume,  but  actually  produced  a  velocity  in  the  water 
the  reverse  to  that  required,  resulting  in  increasing  the  power  out- 
put when  a  decrease  was  aimed  at,  and  vice  versa.  This  comes 
about  because  the  gate  is  placed  immediately  before  the  water 
wheel,  which  takes  up  tlie  energy  of  the  stream.  Attemj^ts  have 
been  made  to  obviate  this  by  placing  the  regulating  gate  else- 
where than  immediately  in  front  of  the  water  wheel,  though  such 
arrangements  have  never  come  into  general  use. 

12.-  One  such  attempt  placed  the  regulating  gate  in  the  draft 
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tube,  a  valve  of  the  butterfly  form  being  usecL  This  is  quite  an 
old  idea,  though  some  recent  wheels  have  been  equipped  in  this 
manner  in  one  of  the  Niagara  Palls  plants*  Although t  it  mini- 
inizes  the  deleterious  effects  referred  to  above,  yet  this  arrange- 
ment brings  with  it  its  own  troubles,  the  principal  dii^advantaga 
being  that  the  relation  between  angular  movements  of  the  butter- 
fly valve  and  the  power  output  of  the  wheel  follows  a  very  erratic 
curve,  making  the  regulation  of  such  a  wheel  by  an  automatic 
governor  an  extremely  difficult  matter.  The  wheels  fitted  with 
this  system  at  Niagara  Falls,  referred  to  above,  were  provided  with 
governors;  but  tliey  were  not  operating  when  the  author  viewed 
rlio  plant.  Another  attempt  trii^d  at  Shawoupgiui  Falls  iitilized 
an  ordinary  gate  valve  in  the  peni;tock,  this  gate  being  connected 
to  an  especially  powerful  governor,  I  have  no  information  as 
to  the  success  of  this  arrangementj  but  doubt  its  feasibility. 

13.  When  the  pipe-lines  are  long  the  use  of  relief  valves  or 
stand  pi])es  mitigates  the  difficulty  iu  some  degree,  as  well  as  re- 
moves the  danger  to  the  pipe-line  which  wmild  m^cur  hy  u  too 
sudden  closing  of  the  gate.  A  relief  valve  only  takes  care  of  one- 
half  of  the  difficulty,  for  while  it  will  check  in  a  large  measure 
the  increased  pressure  due  to  closing  the  gate,  yet  it  is  powerless 
to  avoid  the  decreased  pressure  due  to  an  opening  movement  of 
the  gate.  A  stand  pipe  is  partially  effective  in  both  directions, 
if  large  enough,  but  only  in  a  limited  desjee.  When  stand  pipci 
and  relief  valves  are  provided,  it  is  usually  more  on  the  scores  of 
safety  than  for  regulation  requirements. 

14.  The  best  forms  of  relief  valves  are  undoubtedly  those  which 
do  not  depend  in  a  rise  of  pressure  to  set  them  in  action,  but 
which  are  mechanically  opened  synchronously  with  the  elosing 
movement  of  the  gate,  afterwards  ^rarlnally  closing  autoni alien ]h% 
By  properly  proportioning  the  dii^char^  of  such  a  valve  to  the  dia* 
charge  of  the  water  wheel,  the  gate  can  be  elo^d  very  quickly 
without  producing  an  apprecinl^le  rise  in  pressure.  A  plant  at 
St.  (^itharinos,  Canada,  equip]UHl  with  ?iueh  relief  valves  (made 
by  Voith  of  Germany)  and  ha\  ing  pipe-lines  ftcveral  hundred  feet 
long,  he«ad  being  298  feet,  has  been  found  to  give  renmrkablj 
good  results  when  suddenly  thrf^wing  off  large  amount;*  of  power, 
Tiie  exact  figures  are  not  ohtaiuuble*  but  I  am  told  on  i^uaA  au- 
thority that  the  maximum  momentary  rise  in  speed  on  throwing 
off  75  per  cent,  of  the  fnll  load  wan  under  4  per  cent.,  nn  ex- 
tremely  good  figure  for  such   a  plant.     The  unitB  are  of  7,000 
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horse-power,  revolving  at  a  high  speed  and  having  a  large  mo- 
mentum factor. 

15.  From  what  has  been  said  it  will  be  apparent  that  one  of 
the  obstacles  to  further  improvement  in  speed  regulation  is  in- 
herent in  the  accepted  designs  of  gates  which  are  unable  to 
entirely  discharge  the  functions  for  which  they  are  intended. 
Commercial  reasons,  however,  and  the  existing  organizations  of 
manufactures,  render  it  unlikely  that  any  great  departure  in 
principle  of  gate  construction  will  be  made  in  the  near  future, 
though  there  is  no  question  but  that  considerable  improvement  is 
desirable,  not  only  for  the  reasons  given  above,  but  because  water- 
wheel  gates,  as  now  designed,  are  poorly  working  apparatus  at  best, 
however  well  constructed. 

16.  We  now  have  to  pass  to  the  consideration  of  the  governor 
itself.  The  limits  of  this  paper  preclude  more  than  a  brief  refer- 
ence to  its  essential  features  and  an  examination  of  certain  of 
the  characteristics  of  its  operation. 

17.  The  most  successful  governors  are  of  the  hydraulic  class. 
They  consist  of  a  centrifugal  governor  belted  from  the  water 
wheel  and  adapted  to  move  a  small  piston  valve.  This  valve  liy- 
draulically  controls  a  larger  valve  (which  is  too  heavy  to  be  moved 
by  the  centrifugal  governor  direct)  and  this  in  turn  controls  a 
piston  in  a  hydraulic  cylinder,  the  piston  being  connected  by  suit- 
able mechanical  means  to  the  gate  of  the  water  wheel.  The  parts 
are  so  related  that,  if  the  balls  collapse  below  their  mid-po8iti0n, 
the  piston  will  open  the  gate,  and  if  they  extend  beyond  their  mid- 
position,  the  piston  will  close  the  gate. 

18.  The  governor  contains  also  another  important  element  (the 
compensator),  the  functions  of  which  will  be  realized  when  it  is 
borne  in  mind  that  the  speed  of  the  wheel  is  not  restored,  after 
its  initial  deflection,  until  an  appreciable  interval  after  the  gate 
has  been  moved.  This  interval  would  be  sufficient  for  the  gov- 
ernor to  move  the  gate  to  its  full  open,  or  closed,  position  and 
violent  racing  would  result.  The  compensator  checks  this  by  caus- 
ing the  governor  piston  to  move  an  amount  proportional  to  the 
degree  of  the  initial  speed  variation.  This  is  accomplished  by 
making  the  movement  of  the  governor  piston  react  on  the  cen- 
trifugal governor,  or  its.coimections,  so  as  to  virtually  reverse  the 
movement  which  was  initially  produced  by  the  changed  speed,  in- 
duced by  the  changed  load. 

19.  In  America  the  manufacture  of  water  wheels  and  of  gov- 
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ernors  has  been  carried  on  (in  the  great  majority  of  cases)  as 
separate  businesses,  and  on  account  of  the  great  diversity  of  de- 
signs of  water  wheels  and  their  gate  riggings  the  governor  manu- 
facturer has  perforce  been  obliged  to  adopt  a  design  which  ia  ap- 
plicable to  all  designs  of  water  wheels.  This,  for  commercial  rea- 
sons, necessitates  the  governor  being  self-contained  and  inde- 
pendent of  the  wheel,  and  usually  results  in  an  imavoidable  compli- 
cation in  the  connections  between  the  hydraulic  piston  and  the 
gate. 

20.  From  an  engineering  standpoint^  the  European  practice  is 
to  be  preferred  where  the  wheel  and  governor  are  incorporated  in 
one  design.  The  hydraulic  piston  is  directly  connected  to  the  gate, 
thus  avoiding  the  rotary  shafts  and  geared  connections  necessary 
with  the  separate  governor.  In  this  eountryj  however^  with  its 
tendency  to  specialize,  the  greatest  success,  both  commercially 
and  technically,  has  been  secured  when  the  water  wheels  and  the 
governors  are  made  by  separate  manufacturers  who  are  speeiallsts 
in  this  line.  Some  of  the  water-wheel  manufacturers  have  at* 
tempted  building  their  own  governors,  but  they  have  usually 
abandoned  their  efforts  for  the  reason  given  uhove^ 

21.  In  order  to  secure  good  reg^ilation  it  is  neoessary^  first, 
that  the  smallest  departure  of  the  speed  from  normal  sliall  cause 
the  hydraulic  piston  to  operate,  and,  secondly,  that  it  shall  operate 
with  extreme  quickness.  Even  if  after  full  load  has  been  thrown 
off  the  governor  occupies  one  second  in  closing  the  gat»^s,  a  con- 
siderable excess  of  energy  will  be  produced  (amounting  to  over 
half  a  million  foot  pounds  in  a  1,000  horse-power  wheel)  which 
will  cause  a  considerable  acceleration  unless  the  momentum  of 
the  revolving  elements  is  very  large.  In  many  cases  it  is  not  even 
practical  to  close  a  gate  as  quickly  as  this  for  mechanical  reasons; 
and  having  arrived  at  a  practical  limit  in  this  respect,  the  only 
possible  way  of  preventing  considerable  momentary  ft  net  nations 
when  large  changes  of  load  occur,  ia  by  making  the  mnmentnm 
of  the  revolving  element  sufficiently  great  to  take  care  of  the  excess 
energy.  This  point  is  very  rarely  considered  by  the  dessi^ners  of 
water-power  plants. 

22.  During  some  tests  condticted  by  the  autlior  on  a  1,100  horse* 
power  unit,  on  throwing  off  the  full  load,  the  five  gutets  %vere  com- 
pletely closed  in  If  seconds,  an  extremely  quick  performance  when 
it  is  borne  in  mind  that  96  leaves  in  the  five  gates  had  to  be  moved 
a  considerable  distance  (through  moving  water)  in  addition  to  the 
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mechanism  for  operating  them,  the  moving  parts  of  the  governor 
and  the  heavy  connections  between  governor  and  gate  shaf t,  as  well 
as  a  counterweight  weighing  nearly  one  ton.     Even  under  these 
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Fig.  1. — Showing,  Diaqrammatically,  Ideal  Relations  betwbsn  Spssd, 
Governor  Movements,  and  Load  Change  under  existing  coNiomoNS. 


circumstances  the  wheels  and  the  revolving  field  of  the  alternator 
('weigliino'  several  tons)  accelerated  over  7  per  cent,  in  this  short 
interval,  the  speed  rising  from  120  to  129.  This  was  partly  due 
to  the  energy  developed  by  the  wheel  during  If  seconds  while  the 
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gates  were  closing,  and  partly  to  the  inertia  effects  of  the  water 
referred  to  in  the  former  part  of  this  paper. 

23.  On  watching  the  forebay  while  the  experiment  was  repeated, 
the  water  w^as  seen  to  rise  several  feet,  and  a  great  turmoil  took 
place,  though  the  channels  were  capacious  and  short.    The  effect 


Fig.   3.  -Voltage   Records.   Showing   Compaiiison'    between    Regulation 
Secured  by  Steam  Engine  and  Watek  Wheel  Governor. 

on  tlie  wlieel  was,  of  course,  violent  lluctuations  in  effective  head. 
The  speed  was  maintained  fairly  uniform,  though  the  governor 
necessarily  continued  moving  the  gate  as  the  head  fluctuated,  pro- 
ducing, at  first  sight,  the  appearance  of  racing. 

24.  A  similar  test  conducted  at  another  plant  where  the  head 
rjice  was  several  hundred  feet  long,  and  partially  closed  at  both 
ends  by  the  head  gates  and  intake,  resulted  in  the  formation  of  a 
long  low  wave  which  continued  to  travel  back  and  forth  in  the 
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channel  for  a  great  length  of  time,  creating  at  the  wheel  a.  rythmic 
rise  and  fall  of  head  of  about  20  per  cent,  having  a  period  of 
several  minutes.  The  governor  responded  bj  slowly  opening  and 
closing  the  gates  as  the  head  fell  and  rose^  and  at  first  sight  this 
was  thought  to  be  racing  (a  slow  form  peculiar  to  water-wheel 
regulation)  as  the  load  was  uniform. 

25.  The  diagram,  Fig.  1,  indicates^  in  general  character,  the 
greatest  perfection  that  can  be  obtained  with  any  governor  under 
prevailing  conditions.     The  upper  curve  indicates  the  speed,  the 


Fig.  3a.— Voltage  Record  Obtained  moM  Watee  WfiEBt.— LiaiiTiNa  Load 

middle  curve  shows  the  movemeots  of  the  governor  and  gate,  and 
the  lower  curve  the  load. 

26.  Following  these  curves  aimultaneoUBly  we  note  that  at  the 
start  the  speod  is  norrriid,  the  gate  half  open  and  the  loud  500  kilo- 
watt. At  the  moment  indicated  by  1  second  the  load  is  suddenly 
increased  to  700  kilowatt.  As  a  first  effect  the  speed  immediately 
begins  to  fall*  fiiUowiug  the  line  /1-R  After  the  fall  lin^  rpm-lipd. 
say,  0.1  per  cent,  the  governor  is  thrown  into  action,  and  the  gate 
is  suddenly  opened  to  0.8  gate. 

27.  For  reasons  that  have  been  already  outlined,  this  opening 
movement  of  the  gate  will  not  cause  the  wheel  to  instantly  inrease 
its  power.  Therefore,  the  speed  will  continue  to  drop,  following 
the  curve  B-C,     As  the  water  column  accelerates,  the  power  of 
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the  wheel  will  increase  and  the  speed  rise,  following  the  curve 
C'D,  being  finally  restored  to  normal  (providing  the  gate  was 
moved  the  right  amount). 

28.  It  is  to  be  noted  that,  with  the  exception  of  the  slight  drop 
in  speed,  A  to  B,  which  took  place  before  the  governor  moved 
the  gate  (say,  0.1  per  cent.)  and  the  consequent  delay  in  moTing 
the  gate  after  the  load  changed,  the  subsequent  drop  in  speed  is 
due  to  causes  quite  outside  the  governor  itself. 

29.  In  some  cases,  however,  by  adopting  an  expedient,  an  im- 


FiG.  4.-30^000  H.  P.  Pi-WT  OF  the   Hudson  Riviik  EtEcrmc  Compant, 
SpiBHS  Falls.     .'jOOO  H,  P.  Units.     20  ft.-tox  Governors, 


provement  can  I>e  effected*  ThuSj  if  instead  of  stopping  at  0,8 
gate  (the  amount  aetuaUy  necessary)  the  governor  had  continued 
opening  the  gale  to  0*9^  as  shown  by  the  dotted  lines  Q-R  on  the 
diagrimi,  the  acceleration  of  the  water  column  would  have  been 
augmentedj  the  apeed  following  the  curve  B-EF.  The  gate  being 
too  far  open^  howeverj  the  speed  will  rise  above  normal,  but  at  this 
moJiH^nt.  the  governor  will  make  a  quick  reverse  movement  H-J, 
turning  the  speed  curve  dov^Tiwards  (F-K).    A  third  similar  move- 
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ment  maj  take  place  Inter,     The  doited  curve  is  an  obvious  im- 
provement over  the  fulHine  curve. 

30.  The  curves  (Fig,  2)  show  souie  tests  made  by  the  author 
on  a  1,100  kilowatt  unit.  The  curves  were  traced  by  a  special 
Schaffer  auil  Budeuberg  Tachometerj  the  readings  being  sufficiently 
luagnified  to  bring  out  the  characteristics  of  the  governur.  The 
reverse  curves^  similar  to  the  dotted  curve  on  Fig.  1,  are  clearly 
seen.  The  load  changes  and  governor  movements  are  plotted  be- 
low.   Xotc  that  when  the  whole  load  was  thrown  oflF  (at  1  minute^ 
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Fio.  5.— 12.000  H.  P.  P(A\T  OF  THB  HimciMiAN*  (kmPAsy^  Canaua.  Tbb  Ht- 
DHAUtJc  Gove  axons  ahe  Opb  rated  by  a  Central  FssascitB  Sir^TKii  Str  im- 
plied BY  Duplicate  MtiToa-oitivEX  Oit-ruMPS. 

55  seconds )   the  speeil  accelerated  about  8  per  cent,  in  an  in- 
credibly short  time  (under  1  second)* 

31,  The  govpfuor  had  the  gate  shut  in  1-4  seconds  after  the 
lond  went  oil,  innl  its  suhseijuent  Wduivior,  us  showTi  ■  '•  uuddio 
curve,  was  interesting  in  view  of  what  has  been  said  before.  It  is 
to  be  noted  tliat  after  the  first  quick  reverse  at  2  minutes  the 
governor  slowly  oscillated  for  about  another  minute,  but  with  a 
gradually  increasing  gate  opening,  the  speed  and  load  being  prac- 
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tically  constant  This  was  due  to  the  water  rising  in  the  foiebay 
and  gradually  subsiding  in  a  succession  of  waves,  the  governor 
taking  care  of  these  fluctuations  in  effective  head  in  a  very  intelli- 
gent manner.  A  similar  effect  is  shown  at  3  minutes  10  seoonds 
when  the  load  was  thrown  on. 

32.  A  comparison  of  the  regulation  (as  gathered  from  a  voltage 
record)  of  a  water  wheel  and  a  steam  engine  is  shown  by  the 
Bristol  records,  Fig.  3.  The  engine  is  of  the  Ball  and  Wood  lype^ 
having  an  automatic  cut-off  controlled  by  a  good  inertia-oentrifagal 
governor.  For  all  practical  purposes  the  records  are  equaL  The 
load  was  principally  induction  motors  of  various  sizes*  These 
curves  are  not  offered  as  the  best  examples  of  speed  r^^lation 
that  can  be  obtained,  but  as  showing  the  characteristics  of  water- 
wheel  governing.  It  is  quite  possible  to  get  charts  which  simply 
show  a  straight  imiform  speed  line  such  as  Fig.  3  A^  but  nothing 
is  to  be  teamed  from  such,  unless  the  load  conditions  are  laiownp 

33.  When  attempting  to  forecast  the  degree  of  regulation  ob- 
tainable in  a  given  plant,  we  find  that  one  of  the  most  important 
items,  that  is,  the  maximum  momentary  variation  which  will  oc* 
cur  when  making  given  changes  in  load,  is  practically  unealculable. 
An  equation  can  be  devised  for  ascertaining  this,  but  solving  it 
calls  for  data  which  have  not  yet  been  procurable.  Under  the 
circumstances  all  we  can  do  is  to  compare  the  plant  with  others  of 
similar  design,  on  which  accurate  tests  have  been  made,  and  make 
our  forecast  accordingly. 

34.  We  can,  however,  forecast  with  precision  the  following,  and 
if  this  is  realized,  and  the  plant  properly  laid  out,  very  good  regu- 
lation will  be  obtained  under  ordinary  conditions  of  operation : 

(1)  The  governor  shall  apply  to  the  gates  a  dednite  amount 
of  energy. 

(2)  It  shall  operate  on  the  speed  varying  J  per  cent  from 
normal. 

(3)  On  a  considerable  change  of  load  taking  place  it  shall 
promptly  move  the  gates  to  the  position  required  by  the  changed 
load. 

(4)  It  shall  move  the  gates  through  their  full  range  in  II  sec- 
onds. 

(5)  Under  steady  head  and  steady  load  it  shall  remain  sta- 
tionary,  and  it  shall  not  make  more  than  three  movements  in  re- 
adjusting the  gate  after  any  change  of  load. 

35.  The  necessity  for  the  first  clause,  instead  of  a  definite 
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statement  that  it  ahall  move  the  gate,  arises  from  the  fact  that 
the  amount  of  energy  required  to  move  a  gate  is  a  very  uncertain 
quantity,  for  which  no  one  aeems  to  be  held  responsible.  A  5,000 
horse-power  wheel  may  require  from  15  to  20  foot  tons  to  move 
the  gate.  One  such  wheel  with  a  flanged  gate  operating  imder  73 
feet  head  required  34  foot  tons  when  it  was  in  good  condition  and 
34  +  X  when  it  was  in  bad  condition^  x  being  entirely  inde- 
terminate, as  it  was  caused  by  the  water  wheel  resting  in  the 


Fta.  a 
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j^nfc  mul  raising  rhlgvs  in  the  metal,  whii^h  effectually  pr<? vented 
tlie  giito  being  moved  one  w^ay  or  the  other. 

;]0.  Tlie  general  arrangement  of  the  governors  on  the  5,000 
horse-power  wheels  of  the  Hudson  River  Electric  Company's  plant 
at  Spiers  Falls,  X.  Y.,  is  sliown  on  Fig.  4.  The  governor  shaft  is 
connected  to  the  gate  mechanism  of  the  water  wheel  by  a  cable 
drive.     'i1ie  storage  tank,  holding  the  oil  under  pressure,  is  seen 


I 


696  SPEED   REGULATION    OF    WATEB-POWEB    PLANTS. 


Fig.  7.— Vertical  Form  or  Water-Wheel  Governob* 
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immediately  behind  the  govern or^  the  pump  which  main tfl  ins  the 
pressure  being  placed  on  the  opposite  side  of  the  wheel  shaft. 
Other  arrangements  are  shown  on  Figs,  5  and  G,  where  one  large 
tank  was  used  to  supply  the  governorsj  either  a  number  of  belt- 
driven  pumps,  or  one  motor-driven  pump  being  used  to  maintain 
the  oil  in  the  pressure  tank.  This  arrangement  has  been  used  by 
the  author  in  many  instances. 

37.  A  later  design  of  governors  is  shown  on  Fig-  7.  The  re- 
ciprocating piston  rotates  the  governor  shaft  by  means  of  a  rack 
and  pinion  concealed  within  the  pedestal  of  the  governor,  forming 
practically  an  extension  of  the  cylinder.  An  important  feature  in 
this  machine,  not  shown  on  view,  is  the  arrangement  of  conieal* 
lift  valves  to  give  admission  to  the  cylinder*  These  replace  the 
piston  valve  which  has  hitherto  been  used  exclusively.  However, 
time  will  not  permit  us  to  discuss  tliese  features  or  others  l>olong^ 
ing  to  the  constructional  details  of  the  governors  generally. 

38.  In  conclusion,  it  may  be  said  that  the  regulation  of  water- 
power  plants,  one  or  two  aspect  of  which  we  have  considered  above, 
is  one  of  supreme  interest  and  importance,  and  is  in  need  of  more 
accurate  data  than  the  author  has  been  able  to  obtain  in  a  some- 
what active  life,  devoted  largely  to  the  business  end  of  the  problem* 
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Xo.  HIS.* 

TURBIXE  DESIGX  AS  MODIFIED  FOR  CLOSE 
BEGULATIOX. 

BT   GEO.   Jl.    BrTI!6<,EB.   DATTuX.   O. 

Member  of  the  Socitrty . 

1.  The  American  Manufacturers  of  water  wheels  hare,  as  a 
rule,  adopted  the  practice  of  connecting  to  their  turbine  a  gOTemor 
which  is  guaranteed  by  its  builder  to  meet  the  requirements  of  the 
electrical  machinery  with  which  it  is  to  be  installed.  For  it  is 
the  demands  of  the  electrical  plants,  with  their  heavy  changes  of 
load  at  ('jmrriaui  rpeed,  that  have  led  to  the  high  development  of 
the  iiioHfrii  *iov(.*rnf»T<.  This  practice,  which  f^Jlows  the  spirit  of 
.sjKoiulization  now  ro  coiiimon,  has  left  to  the  turbine  builders  the 
problem  of  fitting  their  wheels  with  gates  that  are  as  nearly  bal- 
anced as  possible,  and  are  connected  to  the  governor  by  simple  and 
strong  gate  work.  As  a  result  of  their  experience,  they  have 
laborr^d  to  keffp  all  gears  and  wearing  parts  on  the  outside  of 
tho  fliiiiu.-,  wliore  they  are  removed  from  the  grit  in  the  water,  and 
are  oa.-ily  accessible  for  observation  and  repair. 

2.  There  are  many  types  of  gates  now  in  use,  some  of  whicb 
are  so  nearly  balanced  that  they  can  be  used  under  great  varia- 
tion-i  of  head,  while  others  are  only  suitable  for  low  heads. 
As  each  type  has  its  advocates  among  the  engineers,  who  recom- 
mend and  approve  its  use,  the  majority  of  manufacturers  have 
been  ]('A  to  adapt  their  wheels  to  meet  the  specifications  submit- 
ted, althou^di  rr-mnininc:  partial  to  the  type  most  generally  sup- 
plied with  llifir  standard  wheels. 

*>.  Two  ^y\K"^  that  have  had  the  most  universal  use  with  the 
inwjir^l  flow  renetion  turbine  are  the  cylinder  gate  and  the  swivel 
or  wieket  gnte. 

4.  The  cylin^lcr  irate  in  its  simplest  form  is  a  plain  iron  ring, 

*  l*n's«'Mlwl  Ht  ilie  rimitannojra  meeting  (May.  10<>6)  of  the  Aiuerican 
Sor'u'ty  of  Mcrliaiiirul  Fliifrinf^ers,  and  forming  i)art  of  Volume  27  of  the 
TftfusffrtionM. 
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fitting  closely  on  the  inside  of  the  chute  case^  as  shown  in  Tig. 
1,  nml  opening  a  part  of  all  the  ehutea  as  it  moves  parallel  to 
the  axis  of  the  shaft.  Its  part  gate  efficiency  is  not  as  good  as 
that  of  the  swivel  gate,  but  it  is  subject  to  little  wear,  remains 
tight  after  long  usage  and  is  practically  balanced  when  on  a  hori- 
zontal wheel.  When  the  wheels  are  set  horizontally,  it  is  very 
important  that  a  support  should  be  provided  for  the  gate,   as 


Jz: 


FiQ.  L— UppEtt  Section— Plain  Cyundkk  <iATE.    LowicE  Seotiow- 
Ctlindeb  Gat b  with  Lip. 


shown  at  *'A/^  or  the  gate  will  tip  as  its  center  of  gravity  moves  be- 
yond the  casOj  and  there  will  be  a  deeided  tendency  of  the  gate 
to  bind  in  opening  and  closing  beyond  this  point*  This  can  be 
accomplished  by  casting  guides  on  the  case,  as  shown  in  the  cut, 
and  finished  when  the  case  is  being  tried.  This  gives  the  best 
form,  but  guides  are  sometimes  fitted  on  the  dome.  In  some 
cases  when  the  best  results  have  been  desired  these  guides  have 
been  lubricated  by  forcing  grease  under  the  gates  by  means  of 
grease  cups.     For  vertical  wheels  its  weight  must  be  counter- 
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balanced,  which  is  easily  accomplished,  but  care  should  be  taken 
that  the  counterbalance  weights  have  a  slow  velocity  in  order  that 
their  inertia  does  not  have  a  detrimental  effect  on  the  governor. 
For  quite  a  number  of  years  the  practice  has  been  followed  of 
adding  lips  to  these  gates,  as  tests  have  shown  that  it  improves 
the  part  gate  efficiency  to  some  extent.  It  has  only  been  lately, 
however,  that  the  governor  manufacturers  have  cared  to  govern 
these  gates  under  the  higher  heads  now  developed,  as  they  are  much 
harder  to  open,  having  a  great  tendency  to  close  of  themselves.  Al- 


FiG.  2.— Two  PAIRS  OF  Cylinder  Gate  Wheels,  with  Goveknoh  and 
Kelief  Valves,  developing  4000  H.P.  each  under  68  feet  head. 


though  they  have  often  been  used  it  is  no  unusual  thing  for  them 
to  be  chipped  off  when  in  place  to  relieve  the  governor  of  more 
work  than  it  could  do.  At  the  present  time  there  is  being  installed 
a  plant  having  four  units  of  four  pairs  of  wheels  under  50  feet 
head  having  lips  on  the  gates,  and  the  company  furnishing  the 
governors  have  guaranteed  the  usual  regulation.  These  gates  when 
moved  by  means  of  rods  in  the  wheel  case  and  rack  and  pinion 
outside  have  given  great  satisfaction.  In  fact,  one  of  the  gov- 
ernor c'onij)aui(»s  lia.s  ^^tatcd  that  tlicre  is  im  instance  in  its  long 
experience  wliere  it  has  failed  to  (►btain  the  highest  degree  of 
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speed  regulation  in  connection  with  the  plain  cylinder  gate  of 
the  type  shown.  Fig.  2  shows  two  pairs  of  cylinder  gate  wheels 
developing  4,000  horse-power  under  68  feet  head. 

5.  The  swivel  gate  when  properly  proportioned  can  be  almost 


-Fkj.  4.— Sin<;lk  Swivki.  (iati:  Wiikkl.  showing  Gate  Work,  dkvelopino 

1)000    H.l*.    INDKR   270   FKKT   HEAD. 


entirely  balanced,  and  a  slight  tendency  to  close  may  be  considered 
a  benefit  should  any  part  of  the  governor  or  connections  become 
damaged.  The  part  gate  efficiency  of  this  type  of  gate  is  very 
good,  as  the  opening  of  each  chute  is  reduced  in  such  a  maimer 
that  there  are  no  eddies  formed  as  in  the  cylinder  gates.     For 
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high-head  work  the  type  shown  in  Fig*  3  has  given  good  results. 
The  gate  and  trunDious  are  cast  in  one  piece  of  east  steel,  and 
the  trnnnion  extends  outside  of  the  wheel  case,  where  it  is  con- 
nected by  means  of  levers  to  the  moving  ring  and  gate  work*  It 
is  planed  to  template,  insuring  accurate  fit,  and  tight  closing, 
and  tilt* re  is  no  ubstruetion  to  a  annxith  How  of  the  water.  These 
two  types  of  gates  have  heen  used  under  al!  heads  from  5  to 


1 


Fui.  J,— Sj^tuLE  Swivel  (Utk  Wjijcwr.,  !frruwi«u  QoYktuxoH,  aicvmu>FiNo 

0000  UJ'.   UKDER  ^70  FKBT  flKAa 

500  k'Qi  and  have  st^ood  the  hardest  kind  af  wear.  Figs.  4  and 
Ti  show  a  s\vi\rl  <^ij(t>  wliioh,  in  a  spiral  flumCj  develops  H,000 
horse-power  under  270  feet  head. 

G.  I'he  development  of  powers  under  heads  from  100  to  1,000 
feet  where  the  (piantity  of  w\iter  is  small  has  led  to  the  use  of 
the  Girard  tyi)e  of  impulse  wheel.  This  did  not  adapt  itself  to 
the  use  of  either  of  the  above  types  of  gates,  and  that  shown  in 
Fif^:.  6  was  adopted. 


4 
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7.  This  gate  by  uncovering  one  chute  at  a  time  gives  a  very 
good  efficiency  curve,  as  only  one,  two  or  three  chutes  are  sub- 
jected to  the  losses  caused  by  disturbance  of  the  stream.     These 


gates  under  high  heads  showed  a  great  tendency  to  dose,  and  an 
equalizing  piston,  shown  at  "A,"  was  introduced,  by  means  of 
which  this  can  be  reduced  to  any  amount  and  the  gate  balanced. 
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Pig,  7  shows  a  Girard  wheel  developing  2^000  horse-power  under 
630  feet  head. 

8.  The  connections  hetween  the  governor  and  gates,  no  matter 
what  tjpe  is  used,  require  very  careful  consideration  in  their  de- 
sign-  All  gears  should  have  cut  teeth,  and  the  shafting  should  be 
of  sufficient  strength  to  resist  twisting,  for  it  is  very  important 
that  there  should  be  no  lost  motion  between  the  governor  and 
gates.  The  many  and  sudden  changes  of  load  with  a  quick-acting 
governor  throw  the  worst  possible  strains  on  all  the  parts,  and 


FiO.  ?.— GlRAftD  WflEKr..  ^IIOWINO   Bt  FASa  ANO  (JoVXnKOR,  DKVRUOFtNO 

they  must  be  strong  enough  to  stand  this-  This  strength  must  be 
accomplished,  however,  without  increasing  the  mass  of  the  moving 
parts  any  more  thim  absolutely  necessary,  m  the  inertia  of  these 
rapidly  moving  parts  is  very  great.    If  thcAe  poinU*  are  correctly 

designed  the  governor  will  he  able  to  keep  the  variation  witlun 
2^  per  cent,  under  changes  amounting  to  half  the  load  when 
the  power- house  conditions  are  favorable, 

0,  The  points  now  remaining  to  be  eomiidered  are  the  draft 

tubes  and  fee  Icrir,  ::::i  thc3c  zrc  often  bc^cnl  the  eonfrol  of  the 
builder,  depending  on  the  layout  determined  upon  by  the  en- 
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gineer,  who  must  be  more  or  less  governed  by  local  conditions. 
The  regulation  is  often  rendered  difficult  by  the  character  of  the 
draft  tube,  which,  if  incorrectly  designed,  will  cause  a  great  deal 
of  trouble.  The  vacuum  or  draft  head  attained  in  the  draft  tube 
is  a  variable  quantity,  depending  on  the  quantity  of  water  dis- 
charged by  the  wheel.  The  area  of  the  draft  tube  should  be  such 
that  at  full  gate  the  draft  head  is  approximately  equal  to  the 
distance  of  the  shaft  above  tail  water  less  the  resistance  in  the 
pipe  and  the  velocity  head  of  the  water  leaving  the  draft  tube. 
To  decrease  this  velocity  as  much  as  possible  the  diameter  of  the 
draft  tube  is  often  increased  at  the  lower  end.  As  the  quantity . 
discharged  decreases  from  full  gate  to  part  gate  the  vacuum  head 
also  decreases,  and  if  the  change  is  very  rapid  the  vacuum  may  be 
entirely  broken,  especially  if  the  draft  head  is  large.  To  decrease 
this  tendency  as  much  as  possible  the  draft  tube  should  be  so  de- 
signed that  the  water  at  the  top  has  the  same  velocity  as  the  water 
leaving  the  runner  and  the  tube  then  tapered  to  the  bottom,  so 
that  the  water  will  leave  with  a  velocity  of  from  two  to  three 
feet. 

10.  When  wheels  are  placed  in  an  open  flume,  or  with  a  very 
short  feeder  from  the  turbine  to  head  water,  and  a  correct  draft 
tube,  everything  is  favorable  for  good  governing. 

11.  In  a  large  number  of  plants,  however,  the  conditions  are 
not  so  simple,  and  it  is  necessary  to  overcome  certain  objectionable 
features  in  order  to  get  the  best  regulation.  This  is  the  case  when 
the  water  is  supplied  to  the  turbines  through  a  long  steel  feeder, 
for  the  inertia  of  the  long  column  of  water  must  be  overcome  in 
order  to  supply  the  changing  quantity  at  the  gates,  and  the  feeder 
itself  must  be  protected  from  the  violent  shocks. 

12.  The  action  of  the  water  under  the  above  condition  is  about 
as  follows :  When  the  unit  is  running  at  normal  speed  a  sudden 
drop  in  load  will  cause  the  speed  to  increase  and  the  governor 
will  start  to  close  the  gates.  The  compensating  device  will  retard 
this  action  somewhat  to  allow  the  velocity  in  the  feeder  pipe  to 
change,  but  when  the  pipe  is  quite  long  this  will  not  be  sufficient 
and  there  will  be  :i  sharp  rise  in  pressure  or  head  which  will  make 
the  gate  opening  still  too  large  for  the  load,  and  the  governor  will 
close  still  farther  until  the  head  drops  to  normal,  when  the  open- 
ing will  be  too  small  and  the  gates  will  open.  This  causes  an 
alternate  rise  and  fall  in  the  speed  and  the  governor  will  oscillate 
until  it  finally  comes  to  its  correct  position.    When  a  load  is  thrown 
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on  the  generator  the  speed  will  decrease^  causing  the  governop  to 
open  the  gates;  but  aa  the  velocity  of  the  long  column  of  water 
cannot  be  instantly  increased  the  head  will  be  decreased  and  the 
gates  open  farther  than  necessary  under  normal  bead-  As  the 
velocity  is  gradually  accelerated  in  the  feeder  the  head  will  riaa 
and  the  power  and  speed  increase,  causing  the  gatea  to  close* 
There  will  then  be  a  similar  oscillation  to  that  occurring  when  th^ 
load  falls  before  the  governor  has  reached  its  correct  position. 
As  very  large  and  frequent  changes  of  load  take  place  in  some 
plants,  the  governor  may  be  almost  constantly  on  the  move^  caus- 
ing variations  in  speed  and  voltage  that  naturally  affect  the 
efficiency  and  value  of  the  plant.  An  even  more  dangerous  result 
of  this  action  is  the  variation  of  pressures  in  the  feeder  itself, 
giving  rise  to  breathing  of  the  pipe  and,  in  cases  where  there  are  a 
large  number  of  bends  on  the  line,  causing  the  pipe  tx)  writlie  and 
twist.  This  will  stniiu  the  joints,  causing  leaks,  and  may  result^ 
in  some  severe  cases,  in  a  disastrous  break.  Although  the  remedy 
for  this  is  usually  applied  direct  to  the  feeder,  there  are  some 
appliances  that  may  1*0  added  to  the  turbine,  and  eonse<)ucntiy  {he 
consideration  of  the  best  method  is  a  point  that  affects  the  turbine 
builder.  When  the  conditions  are  not  too  severe  it  is  sometimes 
possible  to  overcome  these  defects  by  means  of  flywheels  and  air 
chambers. 

13.  The  flywheel,  by  giving  a  portion  of  its  ener^  to  the  turbine, 
will  extend  the  length  of  time  during  which  the  g*)vcrnor  will 
open  or  close  the  gates  and  thus  reduce  the  severity  of  the  changes* 
This  is  not  sufficient,  however,  for  most  cases  and  is  seldom  need, 
especially  as  the  generator  has  considerably  more  flywheel  effect 
than  would  be  added  by  most  engineers*  Another  partial  remedy 
is  the  addition  of  an  air  chamber  on  tho  turbine  casing  in  order 
to  relieve  the  changes  in  pressure.  When  we  consider  the  fact 
that  the  capacity  of  any  air  chamber  which  it  would  be  practical 
to  add  is  so  slight  in  comparison  with  the  capacity  of  the  feeder 
we  can  see  that  this  19  not  sufficient  for  any  \wy  pevere  strain. 
Moreover,  the  water  %vil]  exhaust  the  air  from  this  chamber  and  it 
will  have  to  be  restored  by  an  air  pump  and  may  be  useless  wh«n 
most  needed. 

14.  The  most  successful  remedies  are  those  that  are  applied 
strictly  to  the  feeder  pipe,  and  although  they  do  not  come  di- 
rectly under  the  notice  of  the  builder  in  many  cases,  still,  when 
be  also  supplies  the  feeder  pipc^  they  arc  a  part  of  his  contract* 
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Moreover,  it  is  his  duty  to  protect  his  wheel  from  severe  shocks 
and  to  make  the  conditions  as  favorable  as  possible  for  the  gov- 
ernor which  he  is  supplying. 

15.  The  addition  of  a  stand  pipe  to  the  feeder  has  given  bet- 
ter results  than  any  other  method  and  has  been  used  successfully 
under  heads  as  high  as  250  feet.  It  should  be  placed  as  near  the 
power  house  as  practical  and  should  be  of  suiEcient  size  to  supply 
water  to  the  plant  during  the  time  necessary  for  the  column  of 
water  in  the  feeder  pipe  to  change  from  one  velocity  to  the  other 
under  changes  of  load  as  high  as  50  per  cent,  at  least.  This  water 
should  be  supplied  without  drawing  down  the  head  in  the  pipe 
more  than  a  few  feet,  and  the  pipe  should  be  supplied  with  an  over- 
flow a  foot  or  two  above  the  level  of  the  head  water.  When  thus 
designed,  the  head  will  not  vary  greatly  in  the  feeder  pipe  and  we 
will  obtain  a  rapid  and  close  regulation  with  perfect  safety  to  the 
feeder.  In  northern  climates  great  care  must  be  taken  to  keep 
the  stand  pipe  o]>en  and  free  from  ice  in  winter,  and  this  is 
usually  done  by  lagging  and  sometimes  by  the  introduction  of 
steam  pipes  into  the  stand  pipe.  In  several  plants  installed  with 
no  protection  to  the  feeder  very  grave  defects  have  been  overcome 
by  adding  this  pipe  after  the  plant  had  been  in  operation.  If  the 
feeder  is  almost  vertical  at  the  power  house  and  then  has  a  long 
portion  with  little  slope,  a  much  shorter  pij>e  can  be  put  at  the 
bogiimin^  of  the  drop  with  very  good  results. 

16.  Where  the  head  is  so  great  that  a  stand  pipe  is  not  practical, 
it  is  sometimes  possi])le  to  araiige  a  by-pass  that  opens  as  the  gates 
of  the  tur]>iiic  close.  There  is  no  objection  to  this  in  places  where 
the  water  is  used  for  irrigation  and  must  be  supplied  whether  used 
by  the  wheel  or  not.  With  this  device  operated  by  the  governor  the 
velocity  in  the  feeder  reiniuns  eoiistaut,  and  regulation  is  very 
simple.  It  is  not,  however,  economical  whore  we  wish  to  store  the 
w\atcr,  as  in  many  jdants  where  the  water  is  scarce.  The  arrange- 
ment of  a  by-pass  with  governor  control  is  shown  in  Fig.  7. 

17.  In  such  cases  we  can  simply  protect  the  pipe  against  the 
rise  in  pressure  by  adding  relief  valves  which  keep  the  pressure 
wathin  a  few  feet  of  the  normal  head,  but  can  do  nothing  to  ac- 
celerate the  water  when  the  gates  open.  These  operated  by  hy- 
draulic pressure  regulators  are  very  satisfactory,  but  whether  of 
this  type  or  of  the  si>ring  type  they  should  be  tested  at  least  once  a 
day,  so  that  they  are  sure  to  1>e  in  working  order  when  needed. 

18.  The  experience  at  the  West  India  Electric  Company's  plant 
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may  give  a  good  idea  of  the  relative  value  of  some  of  the  points 
above  discussed.  The  plant  of  the  West  India  Electric  Company, 
installed  in  1898  near  Spanish  TowUj  Jamaica,  prohaLly  pre- 
sented  as  great  difficulties  as  any  erected.  The  installation  con- 
sisted of  a  power  house^  two  generator  units  of  400  horse- powefj 
each  under  56  feet  total  head,  two  exciter  nnita^  a  single  steel 
feeder,  6,200  feet  long  and  S  feet  in  diameter,  a  skimming  basiUj 
and  an  8-foot  concrete  daio*  The  character  of  the  coimtry  was 
such  that  the  feeder  pipe,  besides  having  a  large  number  of  bends, 
had  long  sections  with  very  light  slope.  The  first  1,350  feet  had 
a  slope  of  only  one  foot,  then  a  fall  of  100  feet  in  250  feet,  fol- 
lowed by  a  section  1,350  feet  long  with  one  foot  slope.  At  the 
end  of  this  portion  there  was  a  rise  of  10  feet  in  250  feet,  and 
the  remainder  of  the  pipe  had  a  slope  of  37  feet  of  varying  de- 
grees. 

19.  A  stand  pipe  8  feet  in  diameter  and  85  feet  high  was 
placed  at  this  lowest  pcant,  and  beyond  this  there  was  a  rise  of  6 
feet  in  50  just  outside  of  the  power  iHiuse.  The  47  feet  effective 
head  was  obtained  with  a  draft  head  t>f  28  feet  tlivough  long  draft 
tubes.  The  two  generators  were  each  driven  by  a  pair  of  21-inch 
cylinder  gate  wheels  at  a  speed  of  400  revolutions  por  minutfti 
and  controlled  by  a  Giet^ler  Elt^ctric  Genera  tun  On  operating  the 
plant  it  was  found  that  although  the  governors  were  able  to  keep 
the  s]>eed  within  the  5  |K^r  ooiit.  variation  guaranteed  with  change 
of  r>0  per  cent,  load,  the  ^tand  pipe  was  entirely  inadequate  to 
relieve  the  feeder  pipe  from  the  strainB  set  up  by  the  varying 
loads.  At  points  there  was  a  decided  flaUefiinf^  and  breathing  that 
caused  a  great  strain  on  the  joints.  The  eupaeity  of  the  8-feet 
stand  pipe  was  41^  cubic  feet  per  foot  of  fall,  while  a  50  per  cent, 
variation  of  load  on  tlm  two  generators  caused  a  call  for  56  cubic 
feet  per  second,  so  that  the  storage  effect  of  this  pipe  was  entirely 
too  small.  A  jdate  steel  iiy wheel,  woighing  10,000  pounds,  vcm 
added  in  order  to  extend  tlio  time  of  change  of  s^pced,  but  thi^ 
wTis  also  insufficient.  As  awn  m  h  wa^  *een  that  tbe  only  remedy 
wjis  tho  iiddiriou  of  storage  capacity  o;i  the  line,  rhe  fetxler  pipe 
wjis  oxtcndrd  bcyoud  the  power  house  and  carried  to  a  sti>el  Umk 
50  i'voi  in  diiiTuoter  aini  with  a  depth  of  12  feet  Kdow  the  level 
(>{  the  dnui.  The  capacity  of  this  tank,  2,000  cubic  feet  i»or  foot  of 
fall,  or  ououeh  to  sup])l y  the  water  for  35  seconds  for  a  changi*  of 
50  per  cent,  load  on  both  wheels^  was  more  than  ^ufHeient  to  allow 
the  colniun  of  water  to  overcome  its  inertia,  when  more  water  was* 
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called  for,  by  opening  the  gates.     After  this  change  was  made 
the  trouble  was  removed  and  the  entire  plant  was  satisfactory. 

20.  In  the  above,  the  writer  has  kept  out  any  discussion  on  the 
merits  of  the  diiferent  governors  now  on  the  market  and  has  left 
the  description  of  details  and  operation  to  the  builders  themselves. 
These  governors  are  the  outgrowth  of  long  experience  with  the 
difficulties  to  be  met  in  this  line,  and  the  excellent  results  obtained 
are  the  best  testimonial  of  the  care  and  study  which  have  been 
given  to  their  development. 

21.  These  results  assure  us  that,  with  a  correct  understanding 
between  the  engineer,  the  turbine  builder  and  the  governor  manu- 
facturers, the  most  severe  conditions  can  be  met  in  such  a  manner 
as  to  obtain  the  closest  regulation  demanded  in  any  plant  To 
arrive  at  this  result  it  only  is  necessary  to  determine  the  following 
factors : 

1.  The  amount  of  power  required  to  open  and  close  the  gates. 

2.  The  time  necessary  to  close  the  gates  without  shock  or  strain 
to  any  part  of  the  plant. 

3.  The  flywheel  effect  of  the  revolving  parts  of  generator  and 
turbine. 

4.  The  effect  of  the  draft  tube. 

5.  The  character  of  the  load. 


A    NEW    tlQtriO    MEASURING    APPARATUS, 
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A   NEW   LIQUID    MEASUBING   APPARATUS.^ 

[Juuior  Member  ot  ihe  Socit^tj.'k 

1.  The  liquid  measuring  apparatus  herein  described  was  origin- 
ally designed  to  automatically  measure  brine  flowing  from  a  salt 
well  into  a  salt  works.  After  about  a  year's  satisfactory  operation 
in  that  capacity,  tanks  of  the  same  type,  but  modified  in  detail, 
were  designed  and  set  up  as  a  permaneat  part  of  a  boiler* 
room  equipment,  to  automatically  measure  and  record  the 
amount  of  feed  water  supplied  to  boilers.  Apparatus  of  this  kind 
designed  as  a  portable  testing  device  has  proven  of  the  greatest 
service  on  evaporative  tests,  for  it  does  away  mth  the  imcertainties 
and  hard  work  of  weighing  by  tbe  usual  tank  and  scale  method. 

It  may  he  more  correctly  termed  a  weighing  rather  than  a 
metering  device,  aa  will  appear  later,  and  it  will  be  so  described. 

2.  Notable  features  of  the  device  are:  Elimination  of  constant 
errors  of  graduation,  present  in  many  water  meters.  Its  operation 
is  not  appreciably  afFeetad  by  air  in  the  liquid^  or  by  changes  in 
temperature,  head  or  quantity  of  discharge  of  the  liquid  being 
weighed,  and  clogging  by  dirt  is  not  liable  to  occur. 

3.  These  advantages  are  due  to  t!ie  fact  that  no  discharge  valve 
is  used  in  the  weighing  tank,  avoiding  the  possibility  of  leakage, 
and  to  the  reliability  of  the  oount-tirbalancing  weight  employed, 
namely,  a  liquid  column  of  fixed  weight 
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J.  t'.  Uiindlpy. 
Xo.  flU^H  v"l    Hh   |t.  Wi\\\  *M>n  Wnt^r  Mfa»iir(^mftnti,  with  Sp**dd  Rfif«t«>nc(*  Ui 

tbi*  Srliiri/H  Kboniie  Water  M*4Mr/'     Fpiwlrioji  Lin, 
No.  708,   vc»l.  18,   p.  134;    '  Ciilihration  of  t  Wonbington  Wntvr  .MeU-r."    Joliii 

().  Laird. 
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4.  The  apparatus  accommodates  itself  to  an  irregular  supply 
and  delivers  intermittent  charges  or  units  of  uniform  weight. 

5.  It  consists  of  two  tanks  placed  one  above  the  other.  The 
upper  or  receiving  tank  stores  the  liquid  and  automatically  delivers 
it  at  intervals  as  required  to  the  lower  tank  where  i^  is  weighed. 
The  lower  or  weighing  tank  delivers  the  unit  charge  intermittently, 
the  intervals  between  deliveries  varying  with  the  rate  of  supply. 


Fm.  1. 


6.  The  general  operation  of  the  apparatus  is  as  follows :  Liquid 
accumulatrs  iu  the  upper  tank  until  ifc  overflows  a  stniul  pi|>e 
located  in  the  upper  taiikj  and  spills  into  the  tank  l>elo\\\  After 
a  small  quantity  of  overflow  has  accumulated  in  the  lower  tank,  the 
stored  liquid  in  the  upper  tank  is  atiddeulj  emptied  into  the  lower 
tank.  Further  supplvj  instead  of  accumulating  in  llie  upper  tank 
as  before,  flows  along  its  bottom  and  drops  into  the  lower- 
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7.  The  liquid  in  the  lower  tank  automatically  discharges  when  a 
unit  charge  has  accumulated,  and  simultaneously  the  outlet  from 
the  upper  tank  to  the  lower  tank  closes,  preventing  entrance  of 
liquid  into  the  lower  tank  while  the  weighed  charge  is  escaping 
from  it. 

8.  The  apparatus  is  shown  in  the  accompanying  illustrations. 
Fig.  1  is  from  a  photograph  of  the  apparatus  in  use. 


Fid.  2. 


Fig.  2  is  from  a  photograph  of  tlie  same  apparatus,  showing  the 
trap  in  thi'  discharge  pipe  and  the  'Hrip'^  or  counterbalancing 
li<|nid  ooliimn  by  which  the  unit  charge  is  automatically  weighed 
and  disci  in  rged. 

Fig.  *l  is  a  vertical  section  of  the  apparatus  adapted  for  measur- 
ing liot  water. 

Fig.  1  is  a  detail  of  the  upper  tank  adapted  for  measuring  cold 
water. 
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Fig.  5  is  a  modified  form  of  trip. 

9.  Eef erring  to  Figs.  3  and  4,  (A)  is  the  upper  or  receiving 
tank^  and  (B)  the  lower  or  weighing  tank. 

(1)  Is  the  inlet  for  liquid  to  be  weighed,  having  a  baffle  plate 
(la)  to  prevent  splashing. 

(2)  Is  the  valve  inlet  to  the  weighing  tank.  When  seated  (2) 
becomes  an  overflow  pipe  through  which  liquid  may  spill  into  the 
weighing  tank.  When  raised,  it  permits  liquid  to  flow  direct  into 
the  weighing  tank. 


Fig.i 


(3)  In  Fig.  4  is  a  vent  pipe. 

(4)  Is  a  cone  to  guide  the  liquid  gently  to  the  weighing  tank 
just  previous  to  delivery  of  the  unit  charge. 

(5)  Is  a  largo  U-shaped  water-sealed  discharge  pipe,  its  upper 
end  (5a)  projecting  through  the  bottom  of  the  tank  (JB). 

(6)  Is  a  vertically  movable  bell  float  that  envelops  the  upper 
end  of  the  pipe  (5a).  The  float  and  pipe  together  form  a  siphon 
through  which  the  weighed  charge  escapes  when  dumping.  Float 
(6)  carries  a  rod  (6a),  the  upper  end  of  which  engages  and  opens 
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the  inlet  valve  (2)  when  the  float  (6)  rises.    The  stored  liquid 
in  the  upper  tank  then  drops  quickly  into  the  weighing  tank. 

(7)  Is  a  manometer  or  "trip"  by  which  the  charge  is  auto- 
matically weighed  and  released  from  tank  (JB). 

(8)  Is  a  float-actuated  counter  that  registers  the  number  of 
charges  weighed. 

(9)  Is  a  gage  glass. 

(C),  Comprising  the  bell  float  (6)  and  the  upper  part  of  dis- 
charge i)ipe  (5),  is  an  air  chamber.  This  chamber  acts  as  an  air 
cushion  while  the  unit  charge  is  being  collected,  releasing  the  unit 
charge  when  the  air  is  released  by  the  automatic  operation  of  the 
trip  (7). 

When  hot  water  is  being  weighed  two  additional  devices  are  em- 
ployed to  prevent  steam  or  vapor  entering  chamber  (0)  and  thereby 
impairing  the  accuracy  of  the  apparatus,  the  first  of  which  devices 
18  an  inverted  cup  (10)  carried  by  the  overflow  pipe  of  inlet  valve 
(2).  The  lower  end  of  the  cup  (10)  is  water  sealed  when  the 
lower  tank  discharges,  thereby  preventing  hot  vapor  being  drawn 
from  the  upper  into  the  lower  tank. 

(11)   Is  a  pipe  connecting  the  weighing  tank  and  the  outside  air. 

10.  The  operation  is  as  follows :  Assuming  the  apparatus  to  be 
primed,  which  consists  in  filling  the  TJ-pipe  and  the  trip  to  their 
normal  levels,  liquid  from  the  inlet  enters  the  upper  tank,  its  level 
rising  to  the  top  of  the  overflow  pipe  (2a)  carried  by  the  valve 
(2).  Overflowing  and  passing  through  the  open  spider  of  the 
valve  it  enters  the  lower  tank.  Bell  float  (6)  in  the  lower  tank  rises 
as  the  charge  accumulates,  until  the  shoulder  on  float  rod  (6a)  en- 
gages and  lifts  valve  (2).  Thereupon  the  stored  liquid  in  the 
upper  tank  drops  quickly  into  the  lower  tank,  filling  it  nearly  to  the 
discharge  level  (x).  Liquid  from  pipe  (1)  thenceforth  flows  freely 
along  the  bottom  of  the  emptied  upper  tank,  gliding  down  the  cone 
(4)  and  quietly  adding  to  the  level  in  the  lower  tank.  Soon  the 
l(^v(d  reaches  the  height  (x)  for  which  the  tripping  devioe  is  ad- 
justed and  discharge  from  the  lower  tank  occurs  through  the  au- 
tomatic operation  of  the  trip  (7). 

11.  The  effective  head  in  the  manometer  or  trip  (7)  exactly  ad- 
justs itself  to  and  balances  this  head  of  liquid  accumulating  in  the 
lower  tnnk,  increasing  as  the  head  in  the  lower  tank  increases.  The 
balance  is  maintained  through  the  medium  of  the  air  cushion  in 
rliamhor  (C),  Roloasing  the  air  cushion  releases  the  charge  in  the 
lower  tank. 
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12.  The  function  of  trip  (7)  is  to  suddenly  vent  the  air  cushion 
when  the  head  in  the  tank  equals  the  maxium  head  that  can  be 
maintained  in  the  trip. 

13.  When  the  level  in  pipe  (7a)  of  the  trip  sinks  to  the  bottom 
of  the  pipe  (7b),  Fig.  3,  the  liquid  head  in  the  tank  is  delicately 
balanced  by  a  liquid  column,  exactly  equal  in  height  to  the  vertical 
distance  from  the  bottom  of  pipe  (7b)  to  the  top  of  pipe  (7c).  The 
slightest  addition  of  head  in  weighing  tank  (B)  spills  a  few  drops 
from  (7c)  and  destroys  the  hydrostatic  balance.  Instantly  the  air 
cushion  in  chamber  (C)  shoots  the  liquid  from  (7b)  and  escapes 
with  it  through  (7c). 

14.  Deprived  of  buoyancy,  the  bell  float  (G)  suddenly  drops, 
allowing  tlie  valve  (2)  to  seat,  thereby  preventing  inflow  to  the 
weighing  tank  while  the  weighed  unit  discharges.  The  unit 
charge  (B)  swiftly  siphons  out  through  the  bell  (6)  and 
pipe  (5a),  escaping  through  pipe  (5).  When  the  level  in  the 
weighing  tank  has  sunk  to  the  rim  of  bell  (6)  air  enters  the  bell 
float,  the  siplion  breaks,  and  discharge  ceases  leaving  the  U-bend  of 
the  discharge  pipe  and  the  trip  full  of  liquid  and  the  level  in  the 
measuring  tank  at  its  zero  point  as  in  the  initial  condition.  An 
interval  then  ensues  during  which  the  liquid  in  the  tripping  siphon 
and  discharge  pipe  and  the  residue  in  the  measuring  tank  come  to 
rest  at  normal  or  zero  level,  while  the  next  charge  begins  to  accumu- 
late in  the  upper  tank.    The  process  then  repeats  itself. 

15.  In  the  form  of  trip  shown  in  Fig.  5,  the  trip  is  a  U-pipe 
(7a)  (7b)  ca])able  of  swinging  around  its  point  of  attach- 
ment to  the  discharge  i)ipe.  Such  adjustment  in  effect  varies  the 
maximum  efi*ective  head  of  water  colunm  that  the  pipe  may  con- 
tain and  thereby  adjusts  and  controls  the  discharge  level  of  the 
nioasuring  tank.  The  ap])aratus  can  thereby  be  set  to  discharge 
any  desired  weight  of  unit  charge  within  its  capacity. 

16.  The  photograph,  Fig.  1,  was  taken  while  the  apparatus  was 
weighing  feed  water  supplied  to  a  battery  of  six  350  horse-power 
Wickes  Vertical  Wnter  Tul)e  Boilers,  generating  steam  to  operate 
a  IjHOO  Kilowatt  generator  with  auxiliaries  and  pumps. 

17.  The  average  flow  through  the  tank  illustrated  is  sixty-three 
thousand  pounds  of  water  ])er  hour  at  a  temperature  close  to  the 
boiling  ]>oint,  fluctuating  between  205  degrees  and  210  degrees 
Fahr.  It  ()i>erates  under  a  wide  range  of  supply  and  delivery, 
and  ada])ts  itself  to  extraordinary  fluctuations. 

18.  The  dimensions  of  the  tank  illustrated  are  as  follows:    The 
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upper  tank  is  72  inches  in  diameter  and  1  foot  deep.  The  lower 
tank  is  48  inches  in  diameter  and  3^  feet  deep.  Height  from  floor 
to  top  of  cover,  5^  feet.  The  discharge  pipe  projects  below  the  floor 
5^  feet. 

19.  Numerous  trials  under  actual  use  as  a  feed-water  weigher 
showed  a  maximum  error,  after  four  months'  constant  service,  of 
less  than  ^  of  one  per  cent. 

20.  A  temperature  fluctuation  of  ten  degrees  causes  no  appreci- 
able error  in  operation.  The  error  that  would  naturally  be  intro- 
duced by  increase  of  volume  incident  to  increased  temperature  is 
small,  and  even  this  small  error  appears  in  practice  to  be  offset  by 
expansion  or  contraction  of  the  weighing  tank  as  the  temperature 
rises  or  falls. 

DISCUSSION. 

Professor  Jacobus, — The  statement  is  made  in  paragraph  19 
of  the  paper  that  the  macliiue  gives  results  which  are  correct 
within  one-quarter  of  one  per  cent.  I  would  like  to  ask  whether 
tests  were  made  with  water  flowing  through  the  apparatus  at 
various  speeds;  that  is,  whether  it  was  tested  at  full  capacity,  one- 
half  capacity  and  one-quarter  capacity,  and  in  each  case  was 
correct  within  oiic-quarter  of  one  per  cent.  If  this  was  done,  and 
the  error  docs  not  exceed  this  small  amount,  the  machine  certainly 
works  with  remarkable  precision. 

Mr,  Donnelly. — I  would  like  to  say  a  word  in  commendation 
of  this  paper,  although  I  have  not  had  an  opportunity  to  go 
over  the  paper  very  carefully.  I  do  feol  confident,  however, 
that  then*  will  appear  a  r(?al  (K'uiand  for  such  an  instrument.  Of 
conrse,  \V(^  have  water  motors  without  nninl)er,  but  they  seem 
to  be  rather  poorly  adapted  to  keep  a  record  of  the  amount  of 
watcT  that  is  evaporated  in  a  boiler;  and,  as  you  all  know,  we 
do  not  (l(»|)on(l  upon  the  water  meter  in  making  a  boiler  test 
at  all,  wo  are  all  given  to  using  a  method  of  weighing 
into  bai'rols,  nnd  that  is  snoh  a  cumbersome  method  and  neces- 
sitates so  ninch  labor  and  attention  that  there  is  no  hope  that  it 
will  ov(M'  \)v  nsod  ns  a  porniancMit  dovioo.  Owners  of  boiler  plants 
think  that  it  is  strange  that  we  cannot  find  any  better  way 
of  ko(»|)ing  a  rocnni  of  the  water  put  into  the  boilers.  A  semi- 
antoniatic  dovico  such  as  this  is,  it  seems  to  me,  will  appeal  to 
users  of  bailors,  and  if  used  will  produce  a  great  advance  in 
boilor  praotioo,  which  is  very  much  to  be  desired. 
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Mr.  George  B.  Willcox* — The  tests  referred  to  in  paragraph  19 
were  made  to  ascertain  if  the  accuracy  of  the  apparatus  decreased 
after  continued  use,  on  account  of  scale  formation  or  from  other 
causes. 

The  machine  had  been  measuring  feed  water  for  2,100  horse- 
power of  boilers  for  several  months,  the  rate  of  flow  of  oourse 
fluctuating  somewhat  as  the  boiler  requirements  varied.  The  imit 
charge  at  the  end  of  four  months  was  the  same  as  the  unit 
charge  when  the  apparatus  was  first  installed,  within  one-quarter 
of  one  per  cent. 

To  more  fully  answer  Professor  Jacobus's  question  as  to  the 
accuracy  of  the  machine  when  water  flows  through  it  at  various 
speeds,  I  requested  the  Engineering  Department  of  the  Uni- 
versity of  Michigan,  where  one  of  these  machines  is  used  as  a 
part  of  the  laboratory  equipment,  to  make  some  tests.  Professor 
H.  C.  Anderson,  of  the  Engineering  Department,  kindly  made  the 
tests,  and  from  his  report  the  following  results  are  obtained* 

The  tested  machine  was  designed  for  a  flow  of  40,000  pounds 
of  water  per  hour,  delivering  a  unit  charge  of  1760  pounds. 

When  delivering  13,000  pounds  per  hour,  or  one-third  capacitji 
the  weight  of  each  unit  charge  delivered  was  1,758  pounds.  This 
corresponds  to  an  error  in  weight  of  twelve-hundredths  of  one 
per  cent. 

At  26,000  pounds  per  hour,  or  two- thirds  capacity,  the  Tveight 
of  each  unit  charge  delivered  was  1752  pounds,  corresponding  to 
an  error  of  forty-one-hundredths  of  one  per  cent. 

At  46,000  pounds  per  hour,  or  working  at  16  per  cent,  above 
its  rated  capacity,  the  weight  of  a  unit  charge  was  1769  poundsi 
corresponding  to  an  error  of  fifty-three-hundredths  of  one  per 
cent. 

The  variation  in  weight  in  consecutive  charges  at  the  same 
rate  of  flow  was  so  small  that  it  came  far  within  the  range  of 
accuracy  of  the  platform  scales  upon  which  the  charges  were 
weighed.  The  above  tests  were,  therefore,  made  by  dtunping 
ten  unit  charges  into  a  tank  set  on  platform  scales  and  dividing 
the  Aveight  by  ten  to  get  the  Avoight  of  a  single  charge. 

In  connection  with  Mr.  Donnelly's  remarks,  I  would  like  to 
point  out  an  instance  wliere  I  have  found  the  use  of  this  apparatus 
to  be  of  great  advantage. 

It  was  re/]uired  to  find  out  how  much  salt  could  be  produced 
*  Author's  closure,  under  tLo  Rules. 
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in  a  salt  evaporating  pan  or  grainer  150  feet  long  by  10  feet 
wide,  by  2  feet  deep,  fitted  with  coils  of  steam  pipes  for  evaporat- 
ing the  brine.  The  salt  production  per  pound  of  steam  eondensod 
was  one  of  the  figures  to  be  obtained  on  the  test 

The  grainer  was  constantly  enveloped  in  a  cloud  of  steam^ 
making  it  impracticable  to  stay  in  the  grainer  room  many  hours 
at  a  time,  although  it  was  ne^esBary  to  nm  the  teat  continuously 
for  eight  days  and  nights- 

A  small  apparatus  of  th«  kind  described  in  this  paper  was 
set  up  to  receive  the  condensation  from  tlie  grainer  pipes,  A 
counter  located  on  the  tank  kept  track  of  the  unit  charges  de* 
livered,  while  an  electric  contact  device  on  the  discharge  pipe 
of  the  apparatus  rang  a  bell  located  at  the  other  end  of  the  plant 
where  the  data  man  was  stationed  every  time  ttie  tank  was  dis- 
charged. When  the  bell  ran^  t\w  time  was  noted  m  that  the 
interval  between  discharges  could  be  figured,  and  from  this  the 
varying  rates  of  condensation  under  different  conditions  of  the 
grainer  could  not  be  noted*  The  teat  was  run  continiioiisly  for 
eight  days  and  nights  \villi  two  men  on  at  a  time,  one  to  weigh 
the  salt  and  the  other  to  nieasuro  the  condensation  water*  In 
addition,  this  man  had  time  to  read  eight  thermometers  and  take 
seven  other  data  observations  every  thirty  minutes. 

Without  this  automatic  record  of  the  condensation  water^  the 
test  would  have  been  a  very  tiresome  and  laborious  jobw 
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No.  Ills.* 

A  llISTOliY  OF  THE  INmODUCTION  OF  A  SYSTEM  OF 
SHOP  MANAQEMENT.^ 

nV   JAMKS    M.    DOIXIE,   IMIILAUBLI'IIIA.   1>A. 

(McMiiber.of  tlir  Society.niid  Pa^t  Pifhidenl.) 

1.  After  nearly  three  years'  experience  introducing  into  the  es- 
tablisliment  Avitli  which  I  am  connected  the  system  of  shop  man- 
agenient,  identified  with  the  name  of  ilr.  Fred  W.  Taylor  of  this 
Society,  1  feel  that  a  brief  recital  of  the  moving  causes  which  in- 
fluenced onr  (Company  to  take  up  this  work  would  be  of  interest  I 
think  also  it  will  form  a  historical  recital  of  the  steps  and  results 
on  broad  lines. 

2.  The  works  consist  of  a  machine  shop,  with  its  usual  ac- 
companiment of  storeroom,  tool-room,  pattern  shop  and  power 
plant,  togetlier  with  the  required  shop,  offices,  accounting  depart- 


*  I'rt'sontcd  at  the  Now  York  nunioii  of  nu*mbers  of  the  Society  in  Fi*bruaTjr, 
19«)<).  and  bydiroL-tion  of  the  ('<»minitiee  on  Meeting  issued  as  a  pa|)er  of  the  Chat- 
tanooga Meeting  for  the  information  of  mcmbeis  and  for  fuither  discassion 
Forming  ]>art  of  Volume  27  of  the   Tranmetinns. 

\  For  further  ri'ferences  on  this  topic  consult  TrauHactionn  as  follows: — 
No.  250,  vol.  8.  p.  iVMY.  "A  Proldem  in  Profit  Sharing."     Wm.  Kent. 
No.  :541,  V..1.  10.  ]).  fi(»0  :  "  Gain  Sh^lrinL^"     Henry  U.  Towi.e. 
N.>.  459,  vol.  12.  p.  755:    "The  Premium   Plan  of  Paying  for  Labor."      F.  A. 

Halsey. 
No.  617,  v.)l.  16.  p.  a5a:    *'  A  Pifce  Hate  System."     Fred.  W.  Taylor. 
No.  028.  vol.  28,  p.  1541 :    -  IVjnus  System  of  Rewarding  Ubor."     H.  L.  Gantt. 
No.  905.  vol.  24,  ]>.  250:     MJift    Proposition  for    Paying    Workmen."      Frank 

Kieliards. 
No.  lOol.  vol.  24.  p.  1:J02:    "  Machine  Shop  Problrm."    Chas.  Dny. 
No.  1002.  vol.  24.  p.  1322:  'MJraphiral  Daily  Balance  in  Manufactare."     H.  L. 

(Jantt. 
No.  100:J,  vol.  24,  p.  i;W7:    "Shop  Management. "     Fred.  W.Taylor. 
No.  1010,  Vol.  25.  )).  49:    Slide   Rules  for  the   Machine  Shop  aa  a  part  of  the 

Tayl«>r  Sy^tem  of  Management."     Carl  G.  Harth. 
No.    101 1,    vol.    25,    p.    0;J :    "Mollifying   Systems   of    Management."       H.   L. 

Ciantt. 
No.  1012,  vol.  25.  p.  08.      *  Pi^ce  Work."     Frank  Richards. 
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ments,  drawing-room  and  engineering  forces  and  the  selling  organ- 
ization. There  is  also  quite  an  extensive  department  devoted  to 
construction  and  erection  in  iron  and  steeL  There  is  no  duplicate 
work  done  and  no  package  article  made  or  sold  as  would  be  the 
case  in  large  duplicated  lots. 

3.  At  the  time  we  first  considered  the  Taylor  System,  we  prided 
ourselves  on  having  a  thoroughly  equipped  shop,  operated  by  the 
best  methods  known  to  us  as  respects  general  management,  general 
accounting  and  shop  accounting.  We  thought  we  were  decidedly 
in  advance  of  others  in  our  particular  line  of  business  and  even  of 
other  machine  shops.  While  we  felt  that  we  were  not  intensely 
progressive,  we  were  also  in  a  satisfied  mood,  feeling  that  it  would 
be  rather  presumptuous  for  anyone  to  suggest  that  our  method  and 
general  way  of  doing  things  could  be  improved. 

4.  It  was  in  this  frame  of  mind  that  we  received  word  of  the 
surprising  work  done  at  the  shop  of  the  Bethlehem  Steel  Company 
with  a  grade  of  tool  steel  to  which  the  names  of  Taylor-White  was 
attached.  I  myself  made  the  trip  personally  to  the  shop  where  it 
was  in  use  and  saw  tools  of  this  material  ripping  heavy  nidcel 
steel  faster  than  we  were  in  the  habit  of  turning  off  brass.  I  also 
saw  under  the  shadow  of  a  screen  over  the  point  of  the  cutting 
tool  that  it  cooled  with  a  dull  red  heat  I  found  on  computation 
it  was  turning  off  a  good  big  chip  at  a  rate  of  140  feet  a  minute 
and  after  twenty  minutes  there  was  no  let  up. 

It  was  something  of  a  shock  to  me  to  discover  that  the  wonder- 
fully valuable  mechanical  training  I  had  had  and  my  twenty 
years  of  experience  would  have  to  be  regarded  as  obsolete  from  that 
moment  onward. 

5.  An  inspection  of  my  own  shop  the  following  day  made  it 
apparent  that  we  were  hopelessly  behind  and  that  it  would  be 
noccflsnry  for  us  to  rearrange  our  whole  establishment  if  we  were 
to  keep  up  with  the  standards  that  my  previous  day's  experienoe 
had  forced  upon  me.  This  carried  with  it  the  sickening  feeling 
that  I  was  going  to  spend  a  fortune,  was  to  reduce  dividends  for 
sov(Tal  ycMirs,  was  to  make  an  expenditure  of  a  large  amount  which 
would  ^ive  no  result  in  anything  to  be  properly  inventoried  as  an 
asset,  and  one-hundred-and-one  other  financial  and  mechanical 
ohstaolofl.  To  convince  my  own  tool-maker,  who  like  so  many  other 
t(K)l  inakors  was  the  best  in  the  country,  we  took  down  some  of 
his  t)ost  achiovomonts  in  tool-making  to  the  Bethlehem  shops  and 
tho  instant  failure  of  our  samples  alongside  of  the  Taylor-White 
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product  resulted  in  our  negotiating  in  a  few  days  later  for  a  shop 
right. 

6.  Considerable  time  was  spent  in  getting  tools  of  the  right  sort 
for  working  on  cast  iron,  with  the  result  that  we  had  one  lathe  and 
a  few  tools  to  fit  it  which  would  do  from  three  to  four  times  as 
much  work  on  cast  iron  as  we  had  ever  been  able  to  do  before. 
This,  however,  was  only  the  begiiming.  When  we  went  further 
the  old  machine  tools  had  to  be  either  discarded  or  new  ones  of 
special  design  substituted,  or  the  old  tools  rebuilt  Electric  driv- 
ing became  necessary  and  finally  our  machine  shop,  which  had  been 
run  most  successfully  with  a  50  horse-power  engine,  was  absorbing 
over  150  horse-power  and  calling  for  more. 

Then  it  became  quite  evident  that  the  piece-rate  would  have  to 
be  revised.  For  instance,  if  50  pieces  could  be  made  per  day  on  a 
tool,  an  error  in  rate  either  for  or  against  us  would  be  multiplied 
by  fifty,  whereas  if  the  same  tool  could  turn  out  200  pieces  a  day 
our  error  in  rate  fixing  would  be  multiplied  by  200. 

Mr.  Taylor's  answer  to  our  question  was  that  a  scientific  time 
study  would  be  necessary.  We  were  left  to  accept  this  because  we 
were  following  what  we  regarded  as  a  much  quicker  and  better 
method  which  was  that  of  "guess,"  and  we  had  in  our  business  a 
number  of  men  who  could  guess  perfectly.  Time  soon  b^an  to 
show  that  these  wonderful  but  unscientific  guessers  were  far  from 
infallible,  and  the  guessing  was  decidedly  inaccurate.  We  were 
shocked  that  our  perfectly  appointed  and  well-managed  tool-room 
was  becoming  nervously  prostrated  and  needed  "jacking  up.'* 

What  looks  like  a  simply  jacking  up  process  took  eighteen 
months  of  hard  work,  but  when  we  were  through  we  were  more 
than  satisfied  with  the  expenditure.  Increased  output  reflected 
glaringly  upon  the  heretofore  considered  perfect  system  of  store- 
keeping  and  accounting.  The  receiving-room  had  to  be  reorgan- 
ized to  fit  the  store-room.  The  routing  of  material  through  the 
shop  which  had  been  very  satisfactory  and  simple — we  were  hav- 
ing from  six  to  twenty  men  remembering  hundreds  of  details — 
came  also  to  show  signs  of  mental  decay.  The  instruction  of  our 
men,  the  strain  of  having  their  lathes  speeded,  the  changes  in  per- 
sonnel were  all  consequences  of  our  first  step. 

7.  The  final  result  Avas  that  we  called  in  the  man  who  had  been 
instrumental  in  getting  us  into  our  difficulties  and  asked  him  to 
get  us  out.  The  more  Ave  worked  under  the  able  direction  of  Mr- 
Taylor  and  the  assistance  of  his  ^Ir.  Carl  G.  Barth,  also  a  mem- 
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ber  of  the  Society,  the  more  we  were  impressed  with  the  fact 
that  Mr.  Taylor  in  formulating  his  system  had  taken  good  points 
of  management  from  various  sources  and  had  skillfully  combined 
them  in  a  harmonized  whole.  It  took  over  two  years  for  our 
organization  to  surrender  fully,  and  so  change  our  mental  attitude 
that  we  became  really  receptive.  I  mean  by  this  that  I  found  no 
difficulty  at  all  in  having  the  heads  of  various  departments  agree 
that  the  introduction  of  the  Taylor  System  would  be  most  de- 
sirable, but  in  every  case  it  was  for  everybody  else  in  the  establish- 
ment but  entirely  unnecessary  for  him. 

8.  I  might  illustrate  a  cardinal  feature  of  Mr.  Taylor's  System 
by  asking  you  to  consider  the  policy  of  operating  a  Fall  River 
steamer  with  a  crew  of  200  men,  all  of  whom  were  in  such  au- 
thority that  they  were  entitled  to  make  su^estions,  raise  objec- 
tions and  insist  on  the  whole  group  proceeding  with  great  caution. 
Obviously  the  vessel  would  be  in  the  greatest  peril  all  the  time. 
The  one  method  is  to  have  this  entire  crew  of  200  all  functional- 
ized,  each  man  doing  his  own  work  under  general  and  specific 
directions,  with  a  trained  pilot  steering  the  boat  If  the  pilot, 
for  his  own  glory,  insisted  upon  being  illumined  so  that  every  one 
could  see  him,  his  usefulness  would  immediately  become  impaired. 
I  am  fully  convinced  that  the  successful  perpetuation  of  a  busi- 
ness becomes  the  more  certain  the  further  away  we  get  from  the 
old  military  idea  of  having  all  the  brains  owned  and  controlled 
by  one  man.  We  have  all  seen  prosperous  concerns  come  to  grief 
because  the  person  who  had  the  brains  and  ability  to  build  it  up 
had  not  been  broad-minded  enough  to  see  that  brains  and  ability 
were  left  behind  when  he  died  to  conduct  the  business  successfully. 
In  an  epigram:  "  Under  the  old  military  system  every  one  was 
su])posed  to  help  the  boss.  Under  the  Taylor  System  the  boss  is 
obliged  to  help  and  assist  the  others  who  are  imder  him."  Under 
this  each  individual  is  unconsciously  training  his  successor  and 
working  himself  out  of  a  job!  This  "working  ourselves  out  of  a 
job"  by  the  ability  and  training  of  a  successor  makes  it  possible 
to  proni(»te  anyone  of  the  works  without  a  loss  of  efficiency  to  the 
whole.  The  boss  is  promoted  just  as  much  as  anyone  else,  and  his 
promotion  comes  to  him  in  the  form  of  perfected  organization,  re- 
leasing him  from  detail  and  giving  him  a  greater  opportunity  to 
devote  his  brains  and  his  experience  to  the  development  and  ex- 
tension of  his  business. 

1>.  I  have  endeavored  to  make  plain  that  my  individual  mental 
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attitude  and  that  of  my  associates  was  and  is  in  no  way  unusual. 
The  whole  question  resolves  itself  to  this.  The  high-speed  steel 
called  for  and  made  necessary  a  better  system  than  existed  in  its 
entirety  in  any  one  machine  shop.  One  shop  might  have  a  splendid 
st(n*e  system,  another  an  unimpeachable  accounting  system,  an- 
other a  perfect  shipping  system,  and  another  a  superlative  system 
for  routing  work.  ilr.  Taylor's  endeavor  has  been  to  harmonize 
the  good  points  of  management  so  as  to  avoid  variations  in  efficiency 
with  high-grade  products  and  compute  valuations  in  the  curve  in 
which  we  illustrate  it.  The  horizontal  line,  practically  straight, 
would  represent  uniform  harmony. 

10.  That  improvements  will  be  made  in  the  Taylor  System 
no  one  can  gainsay,  so  that  modifications  fitting  it  to  various  lines 
of  mannfjK'turo  may  Ix?  made.  But  its  underlying  principles  of 
efficient  i)lanning,  task-setting,  functional  foremanship,  which  shall 
not  make  laborers  out  of  machinists  and  errand  boys  of  foremen 
with  a  full  use  of  the  slide-rule  in  computations,  the  proper  rout- 
iug  of  nuiterials  through  the  works,  correct  record  keeping,  pre- 
detorniiued  shi[)ping  dates  and  other  features  of  the  system  will 
hav(i  to  stand  until  better  means  have  been  tried  out.  I  am  con- 
vinced that  the  systematic  stiuly  of  conditions  in  a  manufacturing 
])]i\ni  Ciin  lx;st  be  done  by  the  enthusiastic  and  intelligent  outsider. 
It  is  absolutely  impossil)le  for  any  man  to  be  thoroughly  posted 
in  every  detail  of  the  works  with  which  he  is  connected. 

11.  The  Taylor  System  is  not  a  method  of  pay,  a  specific  ruling 
of  account  l>ooks,  nor  the  use  of  high-speed  steel.  It  is  simply 
nn  honest,  intelligent  effort  to  arrive  at  the  absolute  control  in 
(^very  d(^partment,  to  h^t  tabulated  and  unimpeachable  fact  take 
(he  place  of  individual  opinion,  to  develop  "team  play"  to  its  high- 
est possibility. 

In  past  years  nunuM'ous  instances  have  come  to  my  notice  of 
machine*  work  having  Wn  done  more  (juickly  than  formerly,  but 
such  achievement  was  rather  like  tlie  high  S]X5ed  of  a  hundred-yard 
dash,  or  the  lowering  of  a  record  on  the  track,  interesting,  but 
bringing  about  no  broad  s])irit  of  emulation.  Under  the  system 
to  the  actual  ol)server,  the  trained  workman  with  his  vastly  in- 
creased output  is  working  no  harder  than  when  his  output  was 
much  smalh^.  He  is  simply  working  to  his  Ix^st  advantage  with- 
out distracti<m  and  with  every  possible  aid  that  can  be  rendered 
him. 

The  work  for  him  to  do  is  conveniently  placed  without  his 
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knowing  how  it  got  there;  the  tools  with  which  he  is  to  work  are 
brought  to  liis  hands.  Finished  pieces  are  removed  promptly, 
liy  simply  following  his  instructions  he  finds  his  pay  very  much 
increased  and  does  not  suffer  undue  fatigue,  and  is  relieved  of  all 
mental  strain  and  worry.  In  other  words,  the  man  who  is  the 
most  wonderful  and  complex  machine  in  the  shop  is  treated  with 
every  possible  consideration  from  the  viewpoint  of  increasing  his 
efficiency  without  harm  to  himself.  Good  management  without 
high-speed  steel  will  show  handsome  returns,  but  the  combination 
of  high-speed  steel  and  the  Taylor  System,  or  its  equivalent  in 
management,  will  show  the  highest  possible  gain,  because  of  the 
scientific  combination  of  brain  and  brawn,  which  in  a  shop,  as  in 
an  individual,  represents  the  highest  commercial  development. 

DISCUSSION. 

Mr,  James  M,  Dodge, — In  introducing  tlie  paper  which  is  to 
form  the  basis  of  our  talk  this  evening,  it  occurs  to  me  to  say  that, 
in  my  opinion,  these  evening  gatherings  are  intended  to  be  more 
informal  than  our  regular  semiannual  conventions,  and  it  is  my 
wish  tliat  you  would  regard  the  paper  that  I  have  presented  more 
as  a  talk  that  I  would  give  you  individually,  if  we  were  in  an 
iiiWcv  or  a  railway  train  and  I  was  telling  you  my  experience. 

After  Air.  Dodge's  presentation,  Mr.  Charles  Wallace  Hunt 
|>resi(ling,  asked  from  the  cliair  for  discussions  or  questions  upon 
the  paper.  Mr,  Fred  W.  Taylor,  President  of  the  Society,  was  also 
present,  although  preferring  to  remain  in  retirement  at  the  back 
of  the  room.  He  was  eventually  brought  forward  to  answer 
(juestions  which  came  up  in  the  discussion. 

Mr.  (leor(je  Hill, — I  would  like  specially  to  inquire  concern- 
ing the  opinion  of  either  Mr.  Dodge  or  Mr.  Taylor,  as  to  the 
niinimuni  siz(»  of  shop  to  which  the  system  referred  to  can  wisely 
be  a|)i)li(Hl?  Is  the  limit  150  or  100  men  when  account  is  taken 
of  the  cost  of  introduction? 

Mr.  II.  L.  Hlnsse, — I  w^ould  like  to  ask  also  if  this  system  is 
ji|>j>lieable  to  a  wide  range  of  machine-shop  practice?  Anyl>ody 
who  li:is  IxM'U  in  a  locomotive  shop  must  have  noticed  that  the 
met  hods  are  widely  ditTerent  than  those  in  a  shop  where  delicate 
:ind  neeiirate  machine  work  is  called  for. 

.1//'.  ('luules  li.  liearich, — I  am  personally  interested  in  a  point 
touched  on  in  the  ]>aper  wdiich  is  the  system  of  figuring  out  de- 
liverii'S   in  advance.     I  speak  feelingly  because  in  my  own  ex- 
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perience  the  shop  men  seem  to  be  unable  to  arrive  at  a  proper  con- 
clusion SO  as  to  advise  the  Selling  Department 

Mr,  Fred  W.  'Taylor. — Mr.  Hill  has  asked  a  most  pertinent 
question,  if  put  in  the  form  "  In  how  small  a  shop  can  the  whole 
of  the  mechanism  which  we  approve  be  applied?"  I  have  in 
Philadelpliia  boon  recently  systematizing  a  shop  employing  about 
120  mon,  and  my  i)resent  opinion  is  that  this  is  practically  the 
minimum  shop.  Wo  were  turning  out  about  $10,000  worth  of 
work  a  month,  and  that  was  the  limit  under  the  plan  formerly  in 
use.  For  the  last  throe  months  that  shop  has  been  doing  a  business 
represented  by  $25,000  a  month  instead  of  $10,000  and  at  the 
same  time  the  pay-roll  is  $300  a  week  less  than  it  was  a  year  ago. 
In  my  opinion,  the  equipment  of  that  shop  could  turn  out  $35,000 
worth  of  work  per  month,  if  they  had  to,  with  the  same  force  that 
it  had  a  year  ago.  On  the  other  hand,  if  the  volume  of  business 
in  the  shop  cannot  bo  increased,  then  I  should  say  that  120  men 
were  too  small  a  numlK3r  to  justify  the  applying  of  the  system. 

Answering  ^fr.  Binssc's  question,  I  would  say  that  the  limit  in 
certain  departments  is  from  one-thousandth  to  one-ten-thousandth, 
and  if  the  same  amount  of  planning  be  put  into  accuracy  in  one 
place  which  is  ])ut  into  quantity  in  another,  the  result  will  be  as 
satisfactory.  I  think  that  careful  study  is  the  keynote,  and  care- 
ful study  can  bring  good  results  in  accuracy  as  well  as  in  hustling. 

A  Member. — Suppose  the  manufacturer  has  not  the  demand 
for  the  output,  could  he  cut  the  cost  by  the  application  of  the 
Taylor  System  after  it  was  once  in,  so  that  his  fifty  men,  if  he 
liad  to  reduce  that  number,  would  still  bring  him  in  a  profit  through 
saving  ? 

Mr.  Taylor. — ^ly  judgment  would  be  that  if  the  working  force 
wore  (Hit  down  to  fifty  mon,  the  cost  of  the  planning,  organization, 
wonM  oat  up  the  profit  if  the  work  was  complicated.  If  the  work 
was  simple  it  would  not  bo  so. 

A  Mcmher. — I  would  like  to  inquire  how  Mr.  Taylor  works 
out  his  i)lanning  system  for  a  new  and  difficult  piece  of 
work,  say  the  pattern  work  job  which  requires  ingenuity  and 
thoufi:lit. 

Mr.  Taylor. — The  gentleman  has  hit  upon  the  most  difficult 
class  of  work  to  bo  done  in  any  establishment  I  used  to  be  a 
])attorn  niakor  myself,  and  I  have  never  yet  attempted  to  do  pattern 
work  under  this  system.    Patterns  are  necessarily  all  fresh  designs. 

Mr.  Oils  0.  Ilenning. — Is  not  the  system  as  applicable  to  pattern 
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work  as  any  other^  since  the  fundamental  idea  is  to  determine 
the  time  that  it  takes  to  do  any  particular  operation,  so  that  if 
the  work  to  be  done  is  known,  liie  rate,  the  time  expense  and 
every  detail  can  be  determined  in  advance  so  that  it  is  all  thought 
and  planned  before  the  work  is  undertaken? 

Mr.  Taylor. — You  are  right,  but  in  pattern  work  it  hardly  pays 
to  put  a  special  man  on  the  study  for  one  pattern  maker  until 
you  have  done  everything  else.  I  can  point  you,  however,  to  a 
number  of  shops  where  pattern  work  is  done  under  that  plan, 
although  I  personally  have  never  tried  it 

Mr.  F.  B.  Hutton. — ^While  Mr.  Taylor  is  explaining  the  details 
of  his  system  I  think  it  would  be  illuminating  to  have  him  dif- 
ferentiate between  the  meaning  of  the  word  "Order"  on  the  Tay- 
lor System  and  that  same  word  as  ordinarily  used  in  shops  where 
his  system  is  not  in  use. 

Mr.  Taylor. — This  is  one  of  the  most  important  and  radical 
questions  which  can  be  asked  regarding  our  system  of  manage- 
ment. Under  the  ordinary  system  and  the  ordinary  training  of 
workmen  and  foremen,  an  order  from  any  authority  means  in  a 
general  way  "  This  is  what  I  wished  to  accomplish ;  I  want  that 
result  I"  The  man  who  receives  that  order,  if  he  has  anything 
in  him  says,  "  Well,  now  I  have  got  that  order  and  it  is  *up  to  me' 
to  do  a  little  better  if  I  can.  While  he  told  me  such  and  such 
a  thing,  he  really  means  'I  want  the  best  that  he  can  do.'  '* 

In  the  Taylor  System  with  standards  adopted  through  the 
whole  works  and  the  same  thing  done  exactly  the  same  way  in  a 
hundred  places,  it  is  as  bad  to  do  better  in  one  place,  from  our 
point  of  view,  as  it  is  to  do  worse.  If  one  man  makes  an  im- 
])roveuient  locally,  he  throws  the  other  ninety-nine  men  of  the 
one  Inmdred  out  of  gear  as  to  time,  price  and  the  routine  of 
planning.  Unless  the  orders  of  the  man  in  authority  are  obeyed 
\\h)  returns  are  false.  On  the  other  hand,  we  plan  a  distinct  sys- 
tem for  improvements  with  the  idea  that  such  improvements  shall 
l)en(»fit  not  alone  the  one  man  but  the  other  ninety  and  nine.  It 
is  almost  l)ett(»r  not  to  introduce  an  improved  steel  for  drills 
in  one  plaee,  unless  you  are  ready  to  introduce  that  faster  steel 
in  nil  places. 

Mr,  ITcnshaw. — I  would  like  to  ask  Mr.  Dodge  in  his  estab- 
lishment what  is  the  method  of  handling  improvements  such  as 
Mr.  Tavlor  has  s])oken  of?  How  does  the  works  get  the  benefit 
of  an  improvement  suggested  by  an  employ61 
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Mr.  James  M.  Dodye, — I  called  our  system  "the  use  of  the 
underground  telegraph."  We  give  a  man  $25  and  sometimes 
$50  for  an  improvement  which  he  has  made  and  whidi  we  have 
put  in  use.  It  makes  the  men  comjxite  with  each  other  in  making 
suggestions.  If  a  man  has  improvement  on  his  mind  and  he  knows 
that  there  is  a  channel  through  which  it  may  be  developed,  he  is 
sure  to  go  there  with  it.  Under  the  old  days  improvements  were 
suggested  to  the  foreman;  if  he  was  not  feeling  in  good  humor 
the  foreman  would  turn  the  man  down  or  possibly  discharge  him 
for  fear  that  the  ability  of  the  suggestion  would  work  him  out  of 
his  job. 

As  a  matter  of  fact,  the  working  of  the  system  has  been,  insteiid 
of  continually  changing  the  working  force,  they  have  become  more 
permanent.  The  temptation  to  the  foreman  to  discharge  a  man 
because  he  was  endearing  himself  to  the  management  is  no  longer 
present. 

Mr.  Sanguinetti. — ^l)oes  the  employment  of  the  Taylor  System 
require  an  appreciable  time  with  new  men  for  them  to  learn  the 
system  ? 

Mr.  Taylor. — ^Yc  do  not  get  new  men  all  at  once,  but  as  they 
come  in  the  various  functional  foremen  required  under  our  system 
give  such  now  men  more  attention  than  the  old  ones.  Their  learn- 
ing is  according  to  their  special  ability,  some  learning  faster  and 
others  slower. 

A  Member. — I  would  like  to  ask  whether  Mr.  Taylor  has  ex- 
perienced any  difficulty  in  applying  his  system  to  shops  under 
union  control.  It  happens  so  often  that  when  improvements  are 
tried  a  delegation  appears  and  a  compromise  in  the  form  of  a  par- 
tial backdown  is  the  result.  I  would  like  to  know  Mr,  Taylor's 
experience  under  these  conditions. 

Mr.  Taylor. — I  have  never  had  a  strike  in  my  life  through  the 
introduction  of  my  system  when  it  was  handled  right.  The  shop 
I  have  spoken  of  j)rcvionsly  in  Philadelphia  was  completely 
dominated  by  unions  when  we  began. 

If  the  steps  of  an  introduction  are  taken  not  too  fast  and  in  the 
proper  order,  going  slowly  at  the  start  and  making  no  blunders 
requiring  reconsideration,  it  will  not  result  in  driving  out  the 
union,  but  a  large  number  of  union  men  will  be  converted  to  the 
new  method.  I  had  several  visits  from  the  representative  of  the 
Machinists'  Union,  but  as  there  was  nothing  doing  that  any  union 
could  take  exception  to  there  was  no  strike  ordered  and  the  union 


IWTEODDCTION    OF    A    SYSTEM    OF    SHOP    MANAGEMENT.        729 

would  not  have  sustained  him  if  he  had.  We  never  asked  a  man 
to  do  more  work  tlian  he  was  doing  before.  If  the  operator  ohjecta 
to  increasing  the  feed  from  one-sixty -fourth  of  an  inch  to  one- 
eightbj  hi3  h  told  that  ho  h  to  obey  orders !  If  be  objects  to  the  nhapo 
of  a  tooij  he  gets  the  same  answer.  Thercs  is  no  issue  which  any 
labor  union  can  raise.  No  labor  union  will  ever  step  into  the  shop 
and  say  tliat  your  men  must  not  take  a  given  feed,  if  tljo  tool  will 
stand  it. 

The  responsibility  for  turning  out  good  work  does  not  n^t  on 
that  niauj  but  on  the  in?^peetor  who  comes  after*  The  quality  is 
attended  to  in  exactly  the  saiue  way  as  the  quantity  is  by  «  special 
man. 

Th(^  inipurLiiut  maltor  is,  firs*;,  that  the  **bf>as**  shall  have  a  eara- 
fully  and  thoroughly  laid  plan  of  aetion  ami  shall  follow  that  just 
as  fast  as  be  can  go,  so  as  not  to  fall  down  himself  or  make  other 
people  fall  dovnu 

At  the  conciusion  of  the  discuBSion  a  vote  of  thanks,  moved  by 
^[r.  Kearick,  and  sctMmdcd  hy  many  voic^®,  was  presented  anil 
passed  uuanininusly. 

Mr,  G.  C,  flcnnif^;,—!  itiink  there  will  bo  some  disous' 
sion,  ]\fn  President-  For  my  part,  I  would  like  to  call  at- 
tention to  ibe  ini]ifirtaneo  of  the  matter  f^n^sont^c^d.  Tt  won  hi  Ui 
very  well  iu<lied  to  pn^ncut  thiit  papt*r  in  detail  bc?t>ause  it  laya 
beforo  m^  for  the  first  time,  hy  a  ujan  who  has  gone  through  the 
whole  fnisiness^  the  possibiliUes  of  eeoiiomle  product  Inn  iii  uiir 
slio|)s,  r  I  sore  t»f  tlif>  Ainerh'au  praetic*o  of  the  present  day,  which 
is  ahead  of  anything  the  world  has  ever  seen.  Nowhere  can  work 
be  turne^l  mii  as  satisfaetorily,  tpiickly  and  e<'oTi*JUii('ally*  as  in 
llio  United  States  al  the  (irisent  tirue  lUMler  ibe^i:^  metliods,  with 
the  to(tls  and  the  materials  referred  to  l»y  Mr.  Dorlgi*.  It  is  indiiod 
tinu>  tintt  sneh  [>a[jers  1h*  brought  fo  fhe  ni^tiee  of  h1)  uf  i^iir  numu- 
factuHM*^,  beennso  it  opens  up  jiossibilities  never  dreirined  of  l*off>re 
and  wbieli  at  tlu^  present  day  are  hardly  realijsed  in  Kurope.  The 
|)()ssi  bill  ties  of  ehcap  [uvuhirtion  are  tberrin  eK]ibiintid,  and  if 
the  inatti^r*;  Ik*  presented  t^>  men  who  Imve  nut  looked  into  tliem 
thoroughly  they  will  at  onco  uuderstant!  the  results  obtained*  I 
think  it  is  well  Worth  while  to  study  a  paper  of  this  charactor 
bocjuiNe  it  opens  Up  a  tield  whieh  h  g<>ing  to  increase  the  produc- 
tivity i*rid  i*e( gnomical  output  of  our  sbojis  to  an  extent  that  is  as 
vet  nnrenliKedp 


r 
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No.  1116.* 

COLLAPSING  PRESSURES  OF  BESSEMER  STEEL  LAP- 
WELDED  TUBES,  THREE  TO  TEN  INCHES  IN 
DIAMETER. 

BY   rilOP.    KKII)  T.   STKWAUT,   riTTSBUKO,   PA. 

(Mt-mber  of  the  Swiety.) 

Abstkact. 

This  research  was  uiidortaken  for  the  purpose  of  supply- 
ing an  iir<;ent  demand  for  reliable  information  on  the  behavior 
of  modern  wrought  tubes  when  subjected  to  fluid  collapsing  pres- 
sure. Every  means  known  to  engineering  science  that  could  aid 
in  the  accomidishment  of  this  undertaking  has  been  used,  and 
every  possible  effort  made  to  get  at  the  truth  and  have  the  research 
yield  trustworthy  data.  It  was  planned  and  executed  under  the 
immediate  direction  of  the  author,  at  the  McKeesport  works  of  the 
National  Tube  Company,  and  has  occupied  for  its  completion^ 
during  a  period  of  four  years,  the  time  of  from  one  to  six  men. 

Scrit\s  One, — This  series  of  tests  was  made  on  tubes  "that  were 
8jJ  inches  outside  diameter,  for  all  the  different  commercial  thiek- 
nossos  of  wall,  and  in  lengths  of  2^,  5,  10,  15  and  20  feet  between 
transverse  joints  tending  to  hold  the  tube  to  a  circular  form.  The 
chief  ]uirpose  of  this  series  of  tests  was  to  furnish  data  for  deter- 
mining which  of  the  existing  formulae,  if  any,  were  applicable 
to  modern  lap-welded  steel  tubes,  especially  when  used  in  com- 
paratively long  lengths,  such  as  well  casing,  boiler  tubes  and  long 
plain  flues. 

Scries  Two. — This  series  of  tests  was  made  on  single  lengths  of 
iiO  f<*ef  JK^wocn  end  ennnoctions,  tending  to  hold  the  tube  to  a  cir- 
cular form.  Seven  sizes,  from  3  to  10  inches  outside  diameter, 
and  in  all  the  commercial  thicknesses  obtainable,  have  been  tested 
to  date.  Tlie  chief  purpose  of  these  tests  was  to  obtain,  for  com- 
mercial tubes,  the  manner  in  which  the  collapsing  pressure  of  a 
tube  is  related  to  both  the  diameter  and  thickness  of  wall. 

•  Prosent«'d  at  the  rhattanooira.  TennosBee,  Meeting  (May,  1906)  of  the  Ameri- 
can Society  of  Mechanical  Kngineers  aod  'forming  .part  'of  Volume  27  Jof  the 
TranacictioHS, 
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Inapplicability  of  Previously  Published  Formulce. — Prepara- 
tory to  entering  upon  the  present  research  all  existing  published 
formulae  that  could  be  found  were  collected,  and,  after  the  com- 
pletion of  Series  One,  were  tested  as  to  their  applicability  to  mod- 
ern steel  tubes.  Among  the  formulse  thus  tested  were  two  each 
by  Fairbairn,  Unwin,  Wehage  and  Clark,  and  one  each  by  Nys- 
trom,  Grashof,  Love,  Belpaire,  and  the  Board  of  Trade  (British), 
all  of  which,  with  possibly  two  exceptions,  appear  to  be  based 
upon  Fairbairn's  classical  experiments  made  more  than  a  half 
century  ago,  upon  tubes  wholly  unlike  the  modem  product.  With- 
out exception,  all  of  these  formulae,  when  thus  tested,  proved  to 
be  inapplicable  to  the  wide  range  of  conditions  found  in  modem 
practice.  As  an  illustration  of  this,  the  very  first  tube  tested  in 
connection  with  this  research  failed  under  a  pressure  that  exceeded 
by  about  300  per  cent,  that  calculated  by  means  of  Fairbaim's  for- 
mula. 

Results  of  Present  Research. — The  principal  conclusions  to  be 
drawn  from  the  results  of  the  present  research  may  be  briefly  stated 
as  follows : 

1.  The  length  of  tube,  between  transverse  joints  tending  to  hold 
it  to  a  circular  form,  has  no  practical  influence  upon  the  collapsing 
pressure  of  a  commercial  lap-welded  steel  tube  so  long  as  this 
l(iii>tli  is  not  l(^ss  than  about  six  diameters  of  tube.    (Pp.  759,  767.) 

2.  The  formuhe,  as  based  upon  the  present  research,  for  the 
(•(►llji|)siiin-  ])ressuros  of  modern  lap-welded  Bessemer  steel  tubes, 
are  as  follows: 


P  =  1,000  (l  -  |/i  -  1,600  p    ....    (A) 

P  =  86,670  ^   -  1,386 (B) 

Where'  P  =  colhipsinf^  pressure,  pounds  ])er  sq.  inch. 
(/  =  outside  diameter  of  tube  in  inches. 
t  =  thickness  of  wall  in  inches. 

Fornuila  A  is  for  values  of  P  less  than  581  pounds,  or  for  values 

of         less  than  0.023,  while  formula  B  is  for  values  greater  than 

tlu^se. 

These  formuhe,  while  strictly  correct  for  tubes  that  are  20  feet 
in  leii,ti:th  between  transverse  joints  tending  to  hold  them  to  a  cir- 
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cular  form,  are,  at  the  same  time,  substantially  correct  for  all 
lengths  greater  than  about  six  diameters.  They  have  been  tested 
for  seven  sizes,  ranging  from  3  to  10  inches  outside  diameter,  in 
all  obtainable  coniniereial  thicknesses  of  wall,  and  are  known 
to  be  correct  for  this  range. 

For  the  convenience  of  those  who  wish  to  apply  these  formuke 
to  practice  a  table  has  been  calculated,  giving  the  collapsing  pres- 
sures of  all  the  commercial  sizes  of  lap-welded  tubes  from  2  to  11 
inches  outside  diameter.     (See  j).  Sll.) 

For  those  who  ]U'ef(*r  i^raphical  methods  (!hart3  have  been  con- 
structod,  for  use  of  which  s(H^  j)]).  SKJ,  81  J). 

When  applying  these  formuliP,  tables  and  charts  to  practice^ 
it  should  be  remembered  that  a  suitable  factor  of  safety  must  be 
ai)i)lied,  which  should  not  l)e  less  than  from  I]  to  G,  see  p.  815. 

3.  The  apparent  liber  stress  under  which  the  different  tubes 
failed  varied  from  about  7,000  pounds  for  the  relatively  thinnest 
to  35,000  pounds  per  square  inch  for  the  relatively  thickest  walls. 
Since  the  average  yield  point  of  the  material  w^as  37,000  and  the 
tensile  strength  58,000  pounds  per  square  inch,  it  would  appear 
that  the  strength  of  a  tube  subjected  to  a  fluid  collapsing  pressure 
is  not  dependent  alone  upon  either  the  elastic  limit  or  ultimate 
strength  of  the  malerinl  (constituting  it.     (See  p.  800.) 

Introduction. 

The  planning  and  execution  of  this  research  was  rendered 
especially  difficult  because  of  the  lack  of  any  reliable  data  bearing 
upon  the  behavior  of  modern  wrought  tubes  when  subjected  to  a 
fluid  coHapsing  pressure.  Fairbairu's  experiments,  made  more 
than  a  half  century  ago  on  tubes  unlike  the  moilern  product,  were 
of  such  a  character  as  not  to  furnish  suitable  data  for  the 
])lanuing  of  ji  similar  but  nuich  m(>re  elaborate  research  on 
iiKMleni  tubes.  Aside  from  the  numerous  formulae,  some  ten 
or  twi'lve  in  number,  based  |)raeticiilly  upon  Fairbaim's  ex- 
periuients,  and  therefore  not  to  be  seriously  considered  in  this 
conneetinn,  the  only  available  <lata  consisted,  so  far  as  could 
be  discovered,  of  a  few  istdated  exjxTiments  on  flues  and 
several  records  of  the  condition  under  which  tul)es  and  flues 
have  failed  in  service,  together  with  a  table  of  computed  collapsing 
pressures  published  in  a  well-known  handbook,  whose  origin  could 
not  be  traced.    As  an  illustration  of  the  utter  unreliability  of  ex- 
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isting  data  on  this  subject,  at  the  commencement  of  this  reaearoh, 
the  very  first  wrought  tube  tested  failed  at  a  pressure  that  ex- 
ceeded by  about  300  per  cent  that  calculated  by  means  of  Fair- 
bairn's  formula?. 

The  experimental  part  of  this  research  was  carried  out  under 
the  immediate  direction  of  the  author  at  the  National  Department 
of  the  National  Tube  Company,  McKeesport,  Pa.  He  is  greatly 
indebted  to  the  officials  of  the  National  Department  for  the  courtesy 
shown  him,  especially  to  the  manager,  Mr.  G.  G.  Crawford,  to  the 
superintendent  of  the  tube  mills,  Mr.  A.  M.  Saunders,  and  to  Mr.  J. 
A.  McCulloch,  in  whose  department  the  special  apparatus  was  con- 
structed and  the  experiments  conducted.  The  great  interest  in  the 
work  shown  by  Mr.  McCuUoch  and  his  many  valuable  suggestions 
as  the  work  progressed  were  of  inestimable  value.  All  the  author's 
wishes  in  the  matter  have  been  cheerfully  carried  out,  the  Tube 
Company  generously  providing  every  needful  facility  for  carrying 
on  the  research  in  a  most  thorough  manner. 

The  exceptional  consistency  of  the  results  obtained,  taking  all 
things  into  consideration,  are  due  in  a  large  measure  to  the  care 
with  which  the  author's  assistants,  Messrs.  H.  G.  Wardale,  H.  E. 
Williams  and  J.  N.  Kinney,  have  done  their  work;  and  the  value  of 
the  final  conclusions  are  due  largely  to  Messrs.  E.  E.  Shanor  and  F. 
P.  Kramer,  who  have,  under  his  immediate  direction,  deduced  the 
forniulo}  representing  the  results  of  the  experiments  and  prepared 
the  tables,  charts  and  drawings  contained  in  the  body  of  this 
])a])er.  It  is  due  Mr.  Shanor  to  state  that  the  greater  part  of  this 
work  has  been  done  by  him. 

Tlie  original  Log  of  Tests  comprises,  in  addition  to  what  has 
been  abstracted  for  this  paper,  a  complete  file  of  autographic 
caliperin^  diagrams,  photographs  showing  two  views  of  each  tube 
aftor  being  collapsed,  impressions  from  the  collapsed  sections,  and 
HMiinrks  on  each  individual  test  The  complete  record  fills  two 
(liiarto  vohinios,  each  about  five  inches  thick,  and,  in  addition,  the 
mat  tor  resulting  from  working  up  this  data  in  order  to  get  the  final. 
results  obtained  are  sufficient  to  fill  a  third  volume. 

All  this  matter  has  been  carefully  worked  over  for  this  paper 
aud  condonsod  into  the  form  of  tabulated  results  and  charts  show- 
ing: tho  consistency  of  the  results  obtained,  and  at  the  same  time 
revealing  to  the  oye  the  laws  involved. 

While  much  has  been  necessarily  omitted,  it  is  hoped  that 
enough  has  l)een  given  to  convince  the  engineer  or  artisan,  who 
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may  have  use  for  them,  of  the  trustworthiness  of  the  final  con- 
clusions. 

PRELIMINARY  CONSIDERATIONS. 

While  planning  this  research  it  was  assumed  that  the  resistance 
offered  by  a  tube  to  an  external  Uuid  pressure  would  depend  upon 
the  following  five  things,  namely : 

1.  The  diameter  of  the  tube. 

2.  The  length  of  tube  between  transverse  joints  or  end  con- 
nections tending  to  hold  it  to  a  circular  form. 

3.  The  thickness  of  the  wall. 

4.  The  deviation  of  the  tube  from  perfect  roundness. 

5.  The  physical  properties  of  the  material  of  which  the  tube 
is  made. 

Of  these  five  things  that  may  vary  it  was  thought  that,  for  the 
pr(iliminary  experiments,  at  least,  Nos.  4  and  5  would  be  prac- 
tically constant;  No.  4,  because  the  tubes  being  all  made  by  the 
same  process,  would  probably  run  fairly  uniform  as  to  deviation 
from  roundness,  and  No.  5,  because  the  material  in  this  case  being 
Bessemer  tube  steel,  is  kno^vn  to  run  fairly  imiform  in  its  physical 
properties.  The  physical  tests  would,  of  course,  serve  as  a  check 
upon  this  latter. 

The  only  variation,  then,  to  be  expected  in  Nos.  4  and  5  would 
be  that  due  to  the  inability  of  the  manufacturer  to  turn  out  a 
uniform  product.  It  is  recognized  here  that  the  physical  properties 
of  rolled  steel  depend  in  some  measure,  other  things  being  equals 
upon  the  thickness  of  the  plate;  or,  in  this  case,  upon  the  thick- 
ness of  the  wall  of  the  tube.  It  is  clear  tliat  any  variation  of  this 
nature  would  be  a  function  of  the  thickness,  and  would  conse- 
quently be  tak(^n  care  of  in  an  empirical  formula  by  the  quantity 
ro|>rcscntiiig  the  thickness. 

All  the  published  formulae  bearing  upon  the  subject  indicated 
that  the  diameter  and  thickness  of  wall  has  each  an  important 
determining  influence  on  the  collapsing  pressure  of  a  tube;  and 
since  there  were  the  best  of  theoretical  reasons  for  believing  this 
to  be  the  case,  it  was  of  course  decided  to  plan  the  research  to  dis- 
cover, if  possible,  the  precise  nature  of  this  influence  over  a  wide 
commercial  range. 

The  influence  of  length  of  tube,  between  transverse  joints,  or 
end  connections  tending  to  hold  it  to  a  circular  form,  upon  the 
collapsing  pressure,  appeared,  in  the  light  of  available  data,  to 
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be  the  most  uncertain  of  all  the  variables  entering  the  problena. 
It  was  therefore  decided,  first  of  all,  to  determine  the  precise  na- 
ture of  this  influence. 

In  order  to  do  this  the  followiig  apparatus  was  used,  the  greater 
part  of  which  was  especially  constructed  for  this  research : 

Hydraulic  Test  Apparatus. 

The  production  of  a  suitable  apparatus  in  which  to  subject  the 
tubes  to  au  external  fluid  pressure,  and  at  the  same  time  handle 
witli  expedition  the  large  number  of  tests  contemplated,  was  a 
somewhat  difficult  problem  to  solve.  After  much  consideration  of 
the  luaticr  the  seliome  illustrated  in  Vis^,  1  was  ado])ted. 

it  will  he  sci'u  by  reference  to  tliis  figure  tluit  the  scheme  pro- 
vides for: 

1.  A  test  cylinder  with  one  head  removable  for  the  reception 
of  tlie  tube  to  be  tested,  this  cylinder  being  provided  with  means 
for  creating  an  hydraulic  pressure  within,  thus  subjecting  the 
tube  under  tost  to  a  fluid-collapsing  pressure. 

2.  A  low  j)rossuro  water  supply,  L,  of  large  volume  to  rapidly 
till  llie  spnee  witliiu  tlic  test  oylinchM*  not  oeeujiied  by  the  tube 
iiiider  le-^1. 

-).  A  \':irl;il>le  liigli  ]>ressure  water  su|)]>ly,  //,  furnished  by  an 
liv.liMiilie  |)re>sure  ])unip,  /'.  the  |)urp()se  of  wliieli  was  to  create  a 
tliiii.l  |)r('ssure  will) in  the  test  eyiinch'r,  tlio  tube  umh'r  test  by 
lliis  niejius  In'iui;'  subjeetecl  to  a  i^'radually  increasing  fluid-col- 
hipsiiiii'  j)i'essu]'e. 

I.  A  set  of  j>ressure  '•aui^'es,  //.  (\  I),  liaving  a  large  range  in 
(Mp.icil  V,  (•(»nneete(l  so  that  they  eouhl  be  used  either  singly  for 
iihlie:it ing  tlie  lluid  ju'essure  witliin  tlie  test  (cylinder  or  in  com- 
biiijit iou  lor  eoni]){irison. 

5.  A  vent  ])ii)e,  r.  leading  from  tlie  interior  of  the  tube  under 
test  llironi;li  the  hea<l  of  tlu^  test  eylinder  to  tla^  atmos|>her(%  in 
»»r«l(  r  t(»  inMintnin  eonst:intly  jin  ntniospherie  ])ressure  within  the 
t  iihe  Ix'iui;-  tested. 

(').  An  Jiir  vent,  A\  eoimecting  with  the  highest  |)oint  of  the  in- 
t('ii«»r  (»f  the  test  eylinder,  in  or<ler  to  tlioroughly  free  it  from  air 
while  hi'inu-  tilled  with  wjiter,  nfter  the  insertion  of  a  tube  to  be 
testcMl. 

In  nddition  to  the  above,  while  carrying  out  this  scheme,  de- 
vices were  in  us(^  for  mani|)ulating  the  removable  head,  and  for 
Inunlling  the  tulx^s  while  being  entered  and  withdrawn,  but  in 
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order  not  to  encumber  the  paper  with  unessential  details  no  men- 
tion of  these  will  be  made. 

tSixteen-Inch  Test  Cylinder, — This  cylinder  as  originally  con- 
structed was  made  up  of  three  sections,  whose  aggregate  length 
approximated  45  feet,  the  intention  being  to  have  it  long  enough 
to  accommodate  a  string  of  well  casing  consisting  of  either  two 
full  lengths  of  20  feet  each,  including  three  couplings,  or  one  full 
length  of  20  feet,  with  a  half  length  coupled  to  each  of  its  ends. 
It  was  soon  discovered  that  the  behavior  of  a  tube  in  collapse  was 
such  that  precisely  the  same  results  could  be  had  from  a  single 
20-foot  length  as  from  either  of  the  above  arrangements.  Because 
of  this  the  cylinder  was  shortened  at  the  first  opportunity,  by  the 
removal  of  the  intermediate  section,  to  a  length  of  about  30  feet 

The  sections  of  this  test  cylinder  were  made  from  Bessemer 
steel  laj)-welde(l  tubes,  10  inches  outside  diameter  and  three-quar- 
ters iueli  tliiek,  to  which  steel  flanges  were  welded  for  the  inter- 
mediate joints.  Thickening  rings  were  welded  to  the  ends  in- 
tended to  be  threaded  for  the  attaching  of  the  heads. 

The  highest  fluid  pressure  reached  in  this  test  cylinder  was  in 
connection  with  the  retest  of  No.  418,  which  failed  under  a  fluid 
jiressure  of  2,800  pounds  per  square  inch.  This  corresponds  to 
a  stress  of  28,000  ])ounds  per  square  inch  in  the  wall  of  the  cylin- 
der. This  was  about  as  near  the  yield  point  of  the  material  con- 
stituting the  cylinder  as  it  was  thought  prudent  to  go,  so  that 
nil  tests  at  liigluM'  fluid  |)ressnres  were  made  in  the  8-inch  test 
cvlinder,  wliieh  was  relatively  about  twice  as  strong. 

The  li(\uls  for  the  IG-inch  test  cylinder  were  made  from  cir- 
cular i)la]d<s  ])unclied  from  steel  plates  2^  inches  thick,  and  pressed 
into  shape,  while  hot,  by  means  of  an  hydraulic  press.  They  were 
then  fitted  to  th(^  ends  of  the  test  cylinder,  which  had  been  re- 
en  forced  in  the  maniu^r  already  described,  by  means  of  trapezoidal 
tlin»ads  desi^iiKMl  so  as  to  best  resist  stress  in  one  direction.  In 
the  retest  on  Xo.  418  these  threads  were  subjected  to  a  shearing 
stress  of  GO  (1, 000  jionnds. 

The  tlange  joints  connecting  the  different  sections  of  the  test 
cylinder  were  tongucMl  and  grooved,  and  wore  made  up  with  leather 
jtackini:-  in  th(^  l)<»ttoin  of  the  grooves.  These  joints  each  con- 
tained eighteen  1]-inch  steed  bolts,  and  wore  fully  as  strong  against 
interiial  fluid  ])ressnr(^  as  the  wall  of  the  cylinder. 

Means  of  FiU'nuj  l\'s(  (\i/Jinder.  -Tlio  roar  end  of  the  tost  cylin- 
drr   wa-  cMiinccled,   in   the  manner  shown   in  Fig.    1,  to   the  low 
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pressure  water  supply,  L,  of  the  works,  for  the  purpose  of  rapidly 
filling  the  space  within  the  cylinder  and  surrounding  the  tube 
under  test.  By  this  means  the  test  cylinder  was  quickly  filled  with 
water,  the  pressure  within  being  maintained  constantly  an  atmos- 
pheric pressure  by  means  of  the  air  vent,  E,  shown  at  the  top  of 
the  left  hand  head.  This  vent  also  served  the  i)urpose  of  entirely 
freeing  the  cylinder  from  imprisoned  air,  thus  reducing  to  a  mini- 
mum the  distortion  of  the  tube  under  test  when  failure  occurred, 
and  also  rendering  a  serious  accident  to  the  attendants  impossible 
in  case  rupture  of  the  cylinder  wall  should  occur  while  making  a 
test 

Hydraulic  Pressure  Pump. — The  pressure  within  the  test  cylin- 
der was  created  by  means  of  an  hydraulic  pressure  pump  capable 
of  working  against  a  fluid  pressure  up  to  3,000  pounds  per  square 
inch.  Ordinarily  this  pump  was  operated,  upon  entering  the 
region  of  expected  collapse,  so  as  to  increase  the  fluid  pressure  at 
a  rate  of  from  about  2  to  10  pounds  per  second,  depending  upon 
the  gauge  used.  At  these  rates  of  increase  of  pressure  the  con- 
ditions were  favorable  for  the  making  of  an  exact  determination 
of  the  fluid  pressure  under  which  the  tube  failed. 

Pressure  Gauges. — The  gauges  used  for  indicating  the  pressure 
at  instant  of  collapse  were  three  Shaw  differential-piston  mer- 
cury gauges,  having  capacities  of  1,000,  3,000  and  8,500  pounds 
j)er  square  inch.  They  were  connected  in  the  manner  shown  in 
Fig.  1,  so  that,  l)y  opening  or  closing  suitable  valves,  any  one  or 
more  of  them  could  be  connected  to  the  test  cylinder  for  the  pur- 
pose of  indicating  the  pressure  therein.  They  could  also  be  in- 
terconnected for  the  purpose  of  comparing  their  scale  readings  at 
different  pressures. 

The  matter  of  selecting  a  suitable  type  of  gauge  for  this  research 
was,  at  the  start,  given  due  consideration.  Spring  gauges,  owing 
to  their  liability  to  become  deranged  when  once  calibrated,  were 
not  to  be  considered,  and  a  mercury  column  for  the  high  pressure 
expected  was  out  of  the  question.  After  considering  various  forms 
of  dead-weight  testers  and  high-pressure  manometers,  it  was  de- 
cided to  use  the  Shaw  differential-piston  mercury  gauge.  This 
gauge  is  in  reality  a  mercury  column  shortened,  for  all  pressures, 
to  a  length  of  about  three  feet,  by  the  introduction  of  differential 
pistons.  These  pistons  are  very  ingeniously  provided  with  soft 
rubber  disks,  placed  so  as  to  render  them  absolutely  fluid-tight,  and 
at  the  same  time  practically  frictionless.     With  clean  pistons  and 
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new  rubber  disks  these  gauges  were  sensitiye  and  in  every  respect 
reliable. 

For  the  service  required  of  them  in  connection  with  this  lesearoh, 
these  gauges  were  superior  to  the  usual  hydraulic  spring  gauge  in 
three  very  important  respects^  namely: 

1.  The  scale  of  the  Shaw  mercury  gauge  as  compared  with  that 
of  the  hydraulic  spring  gauge  can  be  read  with  alK)ut  three  times 
the  accuracy,  that  is,  the  error  of  scale  reading  is  only  about  one- 
third  that  of  the  ordinary  spring  gauge  of  the  same  capacity. 

2.  Since  this  gauge  is  in  reality  a  shortened  mercury  column,  it 
is,  when  properly  constructed,  as  reliable  as  the  latter.  In  this 
respect  it  bears  the  same  relation  to  the  spring  gauge  as  the  mer- 
curial barometer  does  to  the  aneroid.  It  lacks,  of  course,  the 
closeness  with  which  pressures  may  be  read  on  a  mercury  column 
just  in  proportion  to  the  relative  lengths  of  their  respective  scales. 

3.  The  Shaw  gauge  is  practically  free  from  the  vibrations  that 
are  often  so  annoying  when  using  a  spring  gauge.  This  property 
of  the  mercury  gauge  rendered  it  eminently  serviceable  in  this  con- 
nection, since  it  was  necessary  to  create  the  fluid  pressure  by  means 
of  a  plunger  pump  without  an  air  cushion. 

Eight-Inch  Test  Cylinder, — ^This  smaller  cylinder  was  con- 
structed for  the  purpose  of  testing  the  3  and  4-inch  tubes,  and  all 
of  these  sizes  were  tested  in  it  with  the  exception  of  Nos.  462  and 
4()4-4Gl).  This  test  cylinder  was  made  up  from  a  single  20-foot 
length  of  8-inch  double  extra  strong  pipe,  8f  inches  outside  di- 
ameter, and  I -inch  wall. 

The  details  of  one  end  of  this  cylinder,  with  tube  under  test  in 
))la('e,  arc  shown  in  Fig.  2,  the  other  end  being  an  exact  dupli- 
cate of  the  one  shown.  It  will  be  observed  that  this  apparatus 
is  arran^d  so  as  to  permit  of  testing  a  plain  end  tube,  with  the 
ends  o}>en  to  the  atmosphere  and  the  interior  of  the  tube  exposed 
to  y'ww  while  under  test  In  this  way  the  tube  while  under  test 
is  entirely  relieved  of  any  longitudinal  stress  due  to  the  fluid 
])ressure  surrounding  it.  The  sectional  view.  Fig.  2,  shows  clearly 
lh(»  construction  of  the  cylinder.  It  will  be  observed  that  the  tube 
is  held  in  |)laee  within  the  test  cylinder  by  steel  centering  rings.  A, 
<nie  at  each  (Mid,  \vhilc  the  cup  leather  packing  rings  are  being 
sli|)|>ed  in  |)laee  over  the  ends  of  the  tube  to  be  tested.  This  leather 
|)aekin<r  rin^,  at  each  end  of  the  test  cylinder,  is  backed  by  a  cast 
iron  rinir,  /^  that  fills  the  space,  as  shown,  between  the  inner  sur- 
face of  the  end  of  the  test  cylinder  and  the  outer  surface  of  the  end 
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of  the  tube  under  test.  This  latter  ring  is  held  in  place  by  means 
of  ii  steel  sleeve,  C,  engaging  its  outer  surface  by  means  of  an  in- 
ternal flange,  and  which  is  attached  to  the  end  of  the  test  cylinder 
by  means  of  tlie  trapezoidal  threads  shown. 

A  plug,  D,  was  inserted,  as  shown,  near  each  end  of  the  experi- 
mental tubes  for  the  purpose  of  preventing  the  centering  ring  and 
j)acking  from  being  damaged  and  the  attendant  difficulty  of  re- 
moval of  tube  that  might  result  from  the  tube  collapsing  in  the 
end  connections.  Since  a  commercial  tube  is  more  apt  to  collapse 
at  or  near  one  end  tlian  near  the  middle  of  its  length,  this  simple 
exjKMlient  made  it  possible  to  conduct  the  experiments  without  the 
fr(H|uent  delays  that  would  have  otherwise  resulted  from  the  jam- 
iiiini;-  of  the  tube  in  the  end  connections. 

This  smaller  test  cylinder  was  placed  over  and  was  supported 
by  the  larger  one.  It  was  connected  to  the  same  set  of  pressure 
gang(\s,  and  was  operated,  in  every  essential  respect,  precisely  as 
was  the  larger  apparatus. 

In  order  to  get,  with  the  apparatus  available  for  the  purpose, 
a  fluid  ju'essure  equal  to  the  greatest  working  capacity  of  this  cylin- 
der, it  beeamc^  necessary  to  couple  up  in  series  two  hydraulic 
])r(^ssure  |)nm]>s,  each  of  3,000  pounds  capacity,  so  that  the  second 
|)nm|)  could,  if  desired,  deliver  water  to  the  test  cylinder  under 
fluid  ])n^ssnres  up  to  G,000  pounds  per  square  inch.  The  highest 
pressnn*  attained  in  this  apparatus  was  5,625  pounds  per  square 
inch  fluid  ])ressur(*,  which  was  had  while  testing  Nos.  476  and  477. 

7V.S'/  IJcadsi,  Supporls  and  Vcn/s. — The  different  styles  of  test 
heads  used,  the  manner  of  supporting  the  tube  in  the  test  cylinder, 
and  llie  vent  |)i|)es  eoiuKH'ting  the  interior  of  the  tube  under  test 
wiih  the  almosplier(\  an*  clearly  shown  in  Figs.  3  to  5. 

The  ('(HijtJcd  Ted  II('(fdsi,  as  shown  in  Figs.  1  and  3,  were 
made  up  fmni  short  Ic^igths  of  tid)ing  of  the  same  diameter  and 
thickness  of  wall  as  that  of  the  tube  jdaced  under  tost.  One  end 
nf'  ill  is  test  liea<l  was  thn^adcMl  like  the  tube  under  tost,  the  two 
bcinii'  connected  by  means  of  a  standard  sleeve  coupling,  in  pre- 
cisely the  sam(^  manner  as  two  sections  of  tlic  same  tubing  would 
lie  connect (m1  in  |n*acti(»e,  as,  for  example,  in  the  case  of  a  string 
of  well  casini:-.  The  other  end  of  each  of  tliese  test  heads  was 
rliKcd  by  lia\  im;-  a  sleel  disk  inserted  into  its  end  and  welded  in 
place,  the  clnse<l  eml  of  the  left-hand  test  In^ad  IxMUg  drilled  and 
la|»pe<l  for  the  re<'e|)tion  of  th(^  end  of  the  vent  ])ipe  for  maintain- 
iiiL!  alin<»sj»lierie  pressure  williin  th(^  tube  under  test,  as  shown. 
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This  style  of  test  head  was  used  for  all  the  tests  of  Series  One 
iind  for  sucli  jxjrtions  of  Series  Two  as  contain  the  letter  "a" 
()|)p()site  ill  column  33  of  the  tabular  statement  of  principal  results 
of  tests. 

This  method  of  closing  the  ends  of  the  experimental  tubes,  aside 
from  the  annoyance  of  an  occasional  collapse  of  the  head  itself, 
wliile  entirely  satisfactory  in  other  respects,  proved  to  be  both 
slow  and  expensive  to  carry  out  with  the  facilities  at  hand  for 
making  up  the  experimental  tube  before  testing,  and  for  the 
removal  of  the  heads  after  failure  had  occurred.  Until  it  was 
discovered  that  the  influence  upon  the  collapsing  pressure  due  to 
the  tendency  of  the  end  connections  of  a  tube  to  hold  it  to  a 
circular  form,  ceased  to  be  measurable,  for  a  commercial  tube, 
at  a  distance  along  its  length  from  either  end  of  from  3  to  4  diam- 
eters, tins  style  of  test  head  apparently  possessed  the  merit  of 
suhjectiug  the  tube  under  test  to  the  same  kind  of  end  support 
as  tliat  actually  existing  in  a  string  of  well  casing. 

After  this  fact  was  fully  established  the  less  expensive  and 
otherwise  more  satisfactory  methods  below  described  were  used. 

The  hollcd  Test  Head,  Fig.  4,  was  suggested  by  the  appliance 
couimonly  used  by  tube  works  for  the  testing  of  tubes.  '  In  the 
commercial  testing  of  tubes  it  is  invariably  the  practice  to  subject 
the  tube  to  an  internal  or  bursting  pressure;  whereas,  in  connec- 
tion with  this  research,  an  external  or  collapsing  pressure  was 
a|)plicd. 

1'liis  test  head  (Fig.  4)  consisted  of  a  casting  with  a  circular 
aronve  cut  into  its  face  for  the  reception  of  the  plain  end  of 
the  ex|)erimental  tube!  At  the  bottom  of  this  groove  was  inserted 
suitable  packing  for  the  production  of  a  water-tight  joint  when  t!ie 
liead  is  firmly  pressed  against  the  end  of  the  tube.  The  two 
ihroui^di  bolt.s  shown  were  intended  merely  to  hold  the  two  lieads 
iu  place  and  create  sufficient  initial  pressure  to  prevent  leakage 
at  the  start  of  the  test,  the  external  fluid  pressure  being  relied  upon, 
diiriuii  thr  continuance  of  the  tost,  for  maintaining  a  tight  joint 
h('t\v(H'ii  the  test  head  and  the  end  of  the  tube. 

rinse  \c<\  headswere  each  provided  with  two  small  rollers  for  the 
|)iir|w.sc  of  making  easier  the  handling  of  the  experimental  tubes 
while  heiuiT  iuscM'tc^l  and  withdra\\Ti  from  the  hydraulic  test  cylin- 
<1(  r.  The  left  hand  head  was  drilled  and  tapped,  as  shown,  for 
the  reeeptidu  of  the  end  of  the  vent  tube.  The  vent  tube  for  con- 
stantly maintaining  an  atmosjdieric  pressure  within  the  tube  under 
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test,  for  this  style  of  t€st  head,  was  coiled  into  the  form  of  a  spiral 
spring,  in  order  to  give  it  greater  flexibility.  This  style  of  test 
head  was  used  for  all  those  experimental  tubes  of  Series  Two  that 
are  marked  ^^  h  "  opposite,  in  column  33  of  the  tabular  state- 
ments. 

The  Press  Filled  Test  Head,  as  shown  in  Fig.  5,  was  used  for 
the  experimental  tubes  of  Series  Two  that  are  marked  "  c  "  oppo- 
site in  colunm  33  of  the  tabular  statements.  This  was  the 
simplest  of  all  the  devices  tried  for  closing  the  ends  of  the  experi- 
mental tubes.  These  heads  consisted  of  iron  castings,  grooved,  as 
shown,  for  the  reception  of  the  ends  of  the  experimental  tubes. 
These  grooves  were  clese-fitting  on  the  sides  and  contained  pack- 
ing at  the  bottom,  thus  forming  a  very  satisfactory  joint  that 
became  stancher  as  the  external  fluid  pressure  upon  the  tube  under 
test  increased. 

The  Vent  Pipes  for  maintaining  constantly  an  atmospheric 
pressure  within  the  tube  under  test,  while  the  external  fluid 
pressure  upon  it  was  being  gradually  increased,  are  clearly  shown 
in  Figs.  3-5.  For  the  coupled  test  head,  where  the  experimental 
tube  was  held  central  in  the  hydraulic  test  cylinder,  the  vent  pipe 
consisted  of  a  l^-inch  straight  pipe,  one  end  of  which  was  screwed 
into  the  test  head  of  the  experimental  tube,  while  the  other  end 
passed  through  the  end  of  the  hydraulic  test  cylinder  to  the  external 
atmosphere.  A  joint  stanch  against  fluid  pressure  was  main- 
tained by  means  of  the  cupped  leather  ring  packing  shown. 

For  the  other  two  styles  of  heads,  where  the  experimental  tube 
was  not  necessarily  kept  central  in  the  hydraulic  test  cylinder,  the 
flexible  vent  pipe,  made  by  coiling  a  sufficient  length  of  ^-inch  gas 
pipe  into  a  helical  form,  was  used. 

Autographic  Calipering  Apparatus. 

Since  it  was  anticipated  that  the  out-of-roimdness  of  the  tube 
under  test  would  exert  a  controlling  influence  on  its  behavior,  it 
was  thought  best  to  devise  a  piece  of  apparatus  that  would  indi- 
cate this  deviation  from  perfect  roundness  with  accuracy  and  ex- 
pedition. A  number  of  schemes  for  accomplishing  this  result 
were  worked  out.  Of  these  two  were  constructed  and  used,  known 
respectively  as  No.  1  and  No.  2. 

Autographic  Calipering  Apparatus  No.  2  was  used  in  calipering 
the  bulk  of  the  tubes  placed  imder  test,  and  gave  most  satisfactory 
results.     It  was  preceded  by  Autographic  Apparatus  No.  1,  of 
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Fig.  7.— ArnMjKAi'Hic  (\\lii»kkin<:  Ai'I'ahatis  Ni».  *J.  Ksi'k<:ially  Demigned  and  Con- 
.sTuicTKi)  FOK  Obtaining  thk  ()i;T-f>F-HoiiNDNK!ss  of  Tubkh  used  in  Making 
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imieli  lighter  weight,  constructed  on  a  somewhat  different  prin- 
ciple. This  apparatus  proved  too  flimsy  for  the  service  required 
of  it,  and  was  replaced  by  No.  2  apparatus. 

Calipcring  Apparatus  No.  2. — The  construction  of  autographic 
;ij>paratus  No.  2  is  clearly  shown  in  Fig.  7,  some  of  the  minor 
details  Ikmiio-  omitted  in  Order  to  make  the  drawing  show  more 
cloarly  tlio  main  features  of  the  apparatus;  the  cord  for  communi- 
cating motion  from  the  tube  under  test  tq  tlie  recording  drum, 
tiigethor  witli  the  necessary  weights  and  carrying  pulleys,  being 
(miittod.  Those  arc  shown  in  Fig.  6,  which  is  a  diagrammatic 
Un-iu  of  the  apparatus  that  shows  clearly  the  principle  of  action. 

The  tube  beiug  calipercd  is  made  to  rotate  by  any  suitable  means 
on  suj)[)orting  guide  wheels,  one  pair  of  which  are  shown  at  EE. 
Thi;  frame  I]BB,  by  means  of  the  guides  FF  and  the  counterbal- 
ancing lever  and  weight  G,  keeps  the  lower  calipering  point  at- 
tached to  it  constantly  in  contact  witK  the  under  surface  of  the  tube 
wliile  it  is  being  made  to  rotate.  It  is  evident  that  any  variation  in 
the  length  of  the  vertical  diameter  of  the  tube  while  rotating  will 
cause  a  motion  of  the  upper  calipering  point  C  with  respect  to  the 
frame  BHI>,  which  variaticm  is  magnified  tenfold  by  the  lever  A 
and  then  recorded  (m  a  sheet  of  paper  wrapped  about  the  record 
drum  1).  Motion  is  communicated  from  the  tube  T  to  the  record 
drum  1)  by  means  of  a  cord  weighted  at  both  ends,  in  order  to  pre- 
vent slipj)ing,  the  cord  being  made  to  pass  once  around  both  the 
tube  and  the  pulley  P  attached  to  the  record  drum  D.  In  this  way 
the  tulx^  being  calij)ered  and  the  record  drum  are  made  to  rotate 
synchronously. 

To  the  right  arc  shown  two  cards  taken  from  the  record  drum. 
On  these  cards  tlic  line  XX  is  a  reference  line,  similar  to  the 
atnios|)lieric  line  on  an  engine  indicator  card.  It  is  drawn  by 
rotating  the  record  drum  by  hand  while  a  distance  piece  is  placed 
lu^tween  the  calipcring  points,  the  length  of  this  distance  piece 
being  made  e(]ual  to  the  nominal  outside  diameter  of  the  tube  being 
calij)ered.  The  result,  of  course,  is  a  horizontal  straight  lino. 
1'lie  line  YY  is  produced  by  rotating  the  tube  between  the  caliper- 
ing |)oiuls  in  (he  inainuT  described  above.  The  distances  between 
lliese  two  lines  slmw,  then,  to  a  tenfold  scale,  the  variation  of  the 
actual  diameters  from  the  nominal  diameter  for  any  given  cross- 
section. 

V\ix^.  ^-It)  show,  to  a  reduced  scale,  representative  examples 
selected  froni  tln^  numerous  autographic  records  made  in  connec- 
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tion  with  this  research  on  the  coUapsiiig  pressures  of  tubes.    Al- 
together about  6,000  of  these  autographic  records  have  been  made 

and  are  on  file. 


Collapsing  Tests^  Sbbibs  Onb^  Suowino  thb  Ikfluenob  of 
Length  of  Tube  on  the  Collapsino  Pressure. 

Since  the  influence  of  the  length  of  tube,  between  transverse 
joints  or  end  connections  tending  to  hold  it  to  a  circular  form, 
upon  the  collapsing  pressure  appeared  to  be  the  most  uncertain 
element  entering  the  problem,  it  was  thought  best,  first  of  all,  to 
determine  the  precise  nature  of  this  influence.  Accordingly,  it 
was  decided  to  make  a  series  of  tests  on  a  single  diameter  of  tube 
for  all  the  commercial  thicknesses  of  wall  obtainable,  in  five  dif* 
ferent  lengths  of  from  2J  to  20  feet 

Selection  of  Tubes  for  Testing. — ^The  tubes  used  in  making  this 
series  of  tests,  as  well  as  the  other  series  contained  in  this  paper, 
were  obtained  from  the  National  Department  of  the  National  Tube 
Company,  McKeesport,  Pa.,  on  order  issued  by  the  Job  Work 
Shop,  in  the  usual  commercial  way.  Those  who  filled  these  orders 
had  no  means  of  knowing  for  what  purpose  the  tubes  were  to  be 
used,  and  presumably,  therefore,  the  tubes  thus  obtained  for  pur- 
poses of  testing  represent  fair  samples  of  the  regular  commercial 
product  of  the  mills. 

Every  tube  thus  obtained,  without  exception,  was  tested,  the 
complete  results  of  all  tests  l)eing  recorded  in  the  T/)g,  a  summary 
of  which  api)oars  in  this  paper.  The  results  may  therefore  be 
aooopt(Ml  as  indicating  the  strength  to  resist  fluid  collapsing  pres- 
sures of  this  (^onii)any'8  Bessemer  steel  lap-welded  tubes,  the 
tiilK\s  h('in<!:  takcm  just  as  thoy  are  found  in  stock. 

Dlawelcr  of  Tube  Tested. — For  Scries  One  it  was  decided  to 
use  8:|-inch  well  casing,  which  has  a  nominal  outside  diameter  of 
8g  inches.  This  size  was  adopted  because,  taking  all  things  into 
consideration,  it  seemed  to  afl'ord  the  greatest  opportunities  for 
^^ttinp;  at  tlie  results  desired. 

The  various  diameters  of  the  individual  tubes  of  this  series  are 
fr'iyou  in  columns  2,  3,  4,  5  and  34  of  the  tabular  statement  of 
|»riiicii»l<'  results  of  tx>sts,  Figs.  ll-l.*).     (See  folders.) 

The  nominal  outside  dianiclcr,  in  inches,  appears  in  column  2, 
and  is  for  this  series  8.625  inches  for  all  tubes  tested. 
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The  average  outside  diarneter,  as  made  up  from  measurements 
on  each  individual  tube,  at  intervals  of  one  foot  along  its  entire 
length,  are  entered  in  column  3.  These  measurements  were  made 
by  means  of  an  especially  constructed  steel  tape,  the  spacing  of 
whose  graduations  bore  the  same  relation  to  those  of  an  ordinary 
scale  divided  into  inches  and  hundredths  as  the  length  of  the  cir- 
cumference of  a  circle  bears  to  its  diameter.  That  is  to  say,  each 
inch  division  on  the  tape  was  actually  3.1416  inches  long.  By  this 
means  diameters  could  be  read  directly  from  circumferential  meas- 
urements, thus  making  it  possible,  by  means  of  a  single  reading, 
to  obtain  an  average  of  all  the  different  diameters  at  any  particular 
foot  length  of  the  tube.  The  advantage  of  this  method  will  be 
appreciated  when  it  is  remembered  that  more  than  6,000  deter- 
minations of  mean  diameters,  at  the  different  cross-sections,  one 
foot  apart,  had  to  be  made  for  Series  One  and  Two  of  this  investi- 
gation alone,  the  tubes  tested  in  every  case  not  being  perfectly 
round  at  any  of  these  sections. 

The  greatest  and  least  outside  diameters,  at  the  place  of  collapse, 
by  which  is  meant  that  point  of  the  length  of  tube  where,  after 
failure*,  the  distortion  was  greatest  (see  Fig.  16,  page  757),  are  en- 
tered r('Si>ectively  in  columns  4  and  5. 

These  entries  were  made  up  from  the  measurements  made  for 
out-of -roundness  of  tube,  at  each  foot  along  its  length,  before  being 
placunl  in  the  hydraulic  test  cylinder. 

'rhickness  of  H^///.-^Tliere  were  five  nominal  thicknesses  of  wall 
test(»d  in  Series  One,  namely:  0.180,  0.220,  0.271,  0.281,  and 
0.:J22-ineh,  havin<i:  nominal  weights  of  respectively  16.07,  20.10, 
24.;>8,  25.00  and  'l^AH  i)ounds  per  foot  length  for  the  outside 
diameter  of  8g  indies  chosen  for  this  series.  The  actual  plain- 
end  wiMglits  per  foot  eorresiwnding  to  those  nominal  thicknesses 
wore  respt^ctively  10.2:5,  20.r>:i,  24.18,  25.04,  and  28.55  poimds. 
Tlie  n<nninal  thickn(*sstjs  of  wall  of  the  different  tubes  tested 
appear  in  column  0  and  the  cor n^spon ding  nominal  weights  in 
columns  Vn  and  34. 

The  average  thiclmess  of  wall  of  the  tul>es  of  this  series  appears 
in  column  7.  This  average  thickness  for  each  tul)e  was  calculated 
from  the  jdain-end  weight,  length,  and  average  outside  diameter, 
as  ^iveii  in  column  o.  In  this  Avay  a  more  exact  value  could  be 
arrivoil  at  for  the  average  thickness  than  by  any  other  practieal 
moans. 
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The  greatest  and  leaM  thickness  of  wall  at  the  place  of  collapse 
are  given  respectively  in  columm  8  and  9,  These  were  obtained 
from  the  tube^  after  collapse,  by  cutting  it  across  at  the  point  of 
its  length  whrre  the  distortion  appeared  to  be  greatest,  after  which 
the  greatest  and  least  thictneaaes  were  measured  by  means  of  a 
micrometer  caliiier. 

Weights  of  Tubes. — ^The  nominal  weightej  in  pounds  per  foot 
length,  of  the  tubes  tested  arc  given  in  columns  13  and  J^4*  For 
this  series,  haviug  the  uniform  nominal  outside  diameter  of  8| 
inches,  these  nominal  weights  were  10,07,  20,10,  24,38,  25,00  and 
28.18  pounds  i>er  foot  length-  The  actual  plain*end  weights  cor- 
responding to  the  nominal  thicknesses  of  wall  were  reapectively 
16.23,  20.53,  24.18,  25.04,  and  28.55  pounds  per  foot. 

The  actual  plain  end  weights  per  foot  length  of  the  individual 
tubes  tested  arc  entered  in  column  14,  The  entries  in  this  column 
were  made  up  by  dividing  the  weight  in  ponnda  of  each  tube  by  its 
length  in  feet,  aa  given  in  column  11,  The  weighing  was  done  on 
a  tested  platform  scale,  and,  for  those  tubes  that  were  threafl**d 
before  weighiTig^  an  allowance  was  applied  for  tlie  loss  of  weight 
due  to  threading,  this  allowance  being  arrived  at  experimentally 
by  weighing  a  number  of  pieces  lx>th  before  and  after  threading. 
In  this  way  the  corrections  for  the  different  styles  of  thread  were 
arrived  at. 

Lengths  of  Tubes. — The  tubes  for  Series  One  were  orden^d  in 
five  lengths  for  each  of  the  five  thicknesses  tested.  These  lengths 
are  entered  in  column  10,  and  were  20,  15,  10,  5,  and  21  feet, 
including  the  threaded  ends,  for  this  series.  For  the  tuboa  of  all 
the  other  series^  contained  in  this  report  the  length  tirderctl  in  each 
case  was  20  feet,  for  both  plain  and  threaded  endn.  It  will  ho 
noted  that  tho  groups  Nos.  26  to  34  inchii^ive,  and  77  to  7D  in- 
clusive, were  s^iijtpHetl  in  random  lengths,  premimahly,  becanse 
the  stock  did  not  contain  tul»e3  of  sufficient  length,  at  that  date, 
to  fill  the  order  in  SO-foot  lengths  for  tubes  of  these  particular 
weights.  All  the  other  tubes  were  supplied  in  ^u  bis  tun  t  tally  the 
lengths  as  ordrrcd. 

The  actual  Irnglhs  of  the  tube6  tested,  to  the  nearest  thousandth 
of  a  foot,  as  measured  by  means  of  a  steel  tajw!,  am  entered  in 
column  11.  ThcBo  measnremonta  for  this  series  inehide  both 
threaded  ends,  the  coupling  that  is  usually  shipped  as  a  part  of  every 
threaded  tulM\  iitid  which  is*  ordiuiirily  niea:<urtHl  up  a»  a  part  of  ita 
length,  not  being  included  in  these  meaBuremeutis.     The  measure- 
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ments  on  the  tubes  of  the  other  series  that  have  threaded  ends  were 
made  in  the  same  manner. 

The  unsupported  lengths  of  the  tubes  are  enteretl  in  column  13- 
These  were  arrived  at  by  subtracting  the  lengths  of  the  jiortioni;  of 
the  threaded  ends  that  lay  inside  the  couplings  from  the  eorro- 
sponding  actual  lengths  as  given  in  column  11.  Column  12  then 
shows  the  actual  length  of  tube  exposed  to  a  fluid  collapsing  pres- 
sure, and  which,  at  the  same  time,  received  no  direct  supportitig 
action  from  any  outside  source  tending  to  hold  it  to  a  circular 
form.  These  were  the  lengths  used  in  deducing  the  general  con- 
clusions from  the  individual  experiments,  as  shown  in  Fig.   2L 

Collapsing  Pressure. — In  and  near  the  region  of  expected  c*>l- 
lapse  the  hydraulic  pressure  within  the  test  cylinder  and  surround- 
ing the  tube  under  test  was  increased  at  the  rate,  in  pounds  per 
second,  shown  in  column  17.  This  rate  in  every  case  was  low 
enough  to  permit  of  making  accurate  readings  of  the  fluid  pressure 
exerted  upon  the  tube  under  test,  and  also  allow  for  free  elsistie 
deformation  of  the  material  constituting  the  walls  of  the  tulxis. 
In  no  case  was  the  elastic  limit  of  the  material  exceeded  until  after 
failure  had  actually  occurred.  The  apparent  stress  on  the  wall 
of  the  tube  at  instant  of  failure  ranged  from  about  7,000  to  34,000 
pounds  per  square  inch,  respectively,  for  the  relatively  thinnest 
and  thickest  walls  in  Series  Two.     (See  page  800  and  Fig.  51,) 

The  'fluid  collapsing  pressure,  in  pounds  per  square  inch,  are 
entered  in  column  15,  the  gauge  from  which  tlie  pret5sure  was 
read  being  indicated  opposite  in  column  16,  wh(Te  \\,  C  and  D 
designate  respectively  the  1,000,  3,000  and  8,500  pounds  capacity 
Shaw  differential-piston  mercury  gauges.  These  gauges  were  fre- 
quently compared,  and  the  slight  differences  were  jid justed  so  as 
to  make  the  readings  on  B  and  J)  conform  to  those  on  C,  the 
intention  being  to  have  gauge  C  calibrated  aft(?r  completion  of 
the  tests. 

Collapsed  Portion, — The  appearance  of  the  tube  after  being  col- 
lapsed in  the  hydraulic  apparatus  is  clearly  show^i  by  the  photo- 
graplis  and  by  the  collapsed  sections,  examples  t)f  v^lucli  are 
shown  in  Figs.  16  and  17. 

These  photographs  of  collapsed  tubes,  taken  in  conjunction  witfl , 
the  collapse  sections,  show  very  clearly  the  precise  nature  of  ijm 
distortion  resulting  from  the  subjection  of  the  tube  to  an  external 
fluid  pressure  sufficient  to  cause  failure.     Referring  to  Fig.  16j 
which  is  a  reproduction  of  the  photograph  of  Nos,  50  to  54  in* 
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elusive,  it  will  be  observed  that  two  viaws  of  eaeli  tube  are  shown. 
One  of  these  was  taken  ]w/king  in  the  direction  of  the  axis  of  col- 
lapse, while  the  other  view  was  taken  after  the  tubes  were  rotated 
on  their  supports  through  an  angle  of  90  de^ees* 

These  tubes  were  all  calipered  for  ont'Of'ronndne3&,  at  distaTK*es 
of  one  foot  apart  along  their  entire  Jengfhs,  before  beting  placed 
in  the  hydraulic  test  apparatus,  and,  while  doing  this,  the  ends 
of  the  greatest  inid  least  diameters  at  each  of  these  sections  woro 
marked  on  the  tnl)e  by  means  of  phis  (  +  )  and  minuB  (  —  )  signs, 
as  shown  on  thojsc  photographs^  Where  nonghts  (0)  appear  the 
tube  was  so  nearly  round  as  to  make  it  difticHiU  to  distinguish 
a  greatest  and  least  diameter  at  that  section^  even  with  the  ex- 
ceedingly refini'<l  methods  in  use  for  making  this  determination. 

The  length  of  collapsed  portion  of  tube,  in  feet,  is  entered  in 
column  18.  This  length  was  determined,  after  collapse,  by  meas- 
uring the  length  of  the  portion  of  the  tube  which  showed  a  per- 
manent distortion- — for  example,  referring  to  Fig.  16,  test  num- 
ber 54,  it  appears  that  this  permanent  distortion  just  becomes 
measurable  at  4^  feet,  is  greatest  at  7^  feet,  and  terminatea 
at  10^  feet.  In  this  case,  then,  the  length  of  collapsed  portion  is 
6  feet,  which  is  somewhat  less  than  one- third  the  length  of  the 
tube.  ^  More  than  two-thirds  of  tlie  length  of  this  tube  has  suf- 
fered no  permanent  distortion  whatever.  This  loealization  of 
collapsed  region  is  typical  of  all  tubes  tested  in  relatively  long 
lengths. 

The  lengths  of  the  collapsed  portions  expressed  in  diameters 
of  the  tubes  were  obtained  by  dividing  the  length  of  collapsed 
portion  of  each  tube  by  its  outside  diameter,  both  being  expressed 
in  inches. 

The  distance  of  colhpsed  portion  from  ike  end  of  fuh^,  column 
20,  was  obtained  by  measuring  the  distance  from  the  point  of 
greatest  distortion — for  example,  at  7^  fc*ot  for  test  numi>er  54, 
Fig.  16,  to  the  imml>ered  end  of  tube,  as  shown  in  the  phnt-ographa. 
For  further  disi-iission  of  this  matter  see  page  802. 

The  angular  distance  from  weld,  column  21,  was  obtained  by 
measuring  the  angular  distance  from  the  axis  of  collapae  (aoe 
Fig.  17)  to  the  weld.  Assuming  tlini  the  obm.^rvor  ifl  stationed  at 
the  numbered  end  of  the  tnte,  «n<l  looking  in  the  direction  of 
its  length,  angleB  measured  in  the  direction  in  which  the  hands  of 
a  clock  rotate  are  marked  plus  f  +  )t  while  thoae  measured  in  the 
oj)posite  direction  are  marked  minus  ( — ), 
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These  angular  distances  were  measured  by  means  of  an 
cially  constructed  tape.  On  this  tape  distances  were  laid  oflf  equal 
to  the  circumference  of  the  different  sizes  of  tubes  to  be  tested. 
These  distances  were  then  divided  into  360  equal  parts,  each  of 
which  would  represent  the  length  of  one  degree  of  arc  of  the  cir- 
cumference of  the  tube.  It  is  evident  that  a  tape  constructed  after 
this  numnner  affords  a  most  satisfactory  means  for  measuring  an- 
gular distances  around  tubes.  In  this  way  the  original  angular 
distance  bc^twccn  two  points  on  the  surface  of  a  tube,  lying  in  the 
same  transverse  plane,  can  be  measured  just  as  readily  after  the 
tube  has  been  distorted  as  before.  When  it  is  considered  that  all 
of  these  measureiiicnts  for  angular  distance  from  axis  of  collapse 
to  the  weld  had  to  be  made  at  the  place  of  greatest  distortion,  after 
collapse  had  taken  place,  the  utility  of  this  special  tape  will  be 
apparent. 

Physical  Properties  of  the  Steel. — Tlie  physical  properties  en- 
tered in  columns  22  to  25,  inclusive,  are  the  averages  from  three 
test  specimons  cut  from  each  tube,  after  removal  from  the  hy- 
draulic test  apj)aratus,  the  test  specimens  in  every  case  being  cut 
from  the  undistortcd  portion,  except  for  the  cases,  clearly  noted 
in  the  tabular  statement  of  Series  Two,  where  these  specimens 
were  (rut  from  the  distorted  i)ortion.  For  these  latter  it  will 
be  observed  that  the  yield  point  is  raised  and  at  the  same  time 
the  elongation  and  reduction  of  area  are  lowered,  more  or  less 
acc(a'ding  as  tlie  ]>ortion  froiu  wliieh  the  sj)ocimens  were  cut 
were  more  or  less  distorted.  In  working  up  the  result  for  this 
paper  it  was  assumed  tluit  the  material  of  these  tubes  possessed 
the  same  average  ])hysical  ])r()pertics  as  the  others  of  the  same 
series.  Tliis  seemed  but  a  fair  assumption  to  make  under  the  cir- 
cumstances, since  there  was  no  apparent  reason  why  the  material 
constituting  tlieni  should  differ  in  respect  to  physical  properties 
from  that  of  the  other  tubes  tested  at  the  same  time. 

All  the  spcciujcns  for  the  pliysical  tests  were  cut  lengthwise  of 
the  tube  and  were  ])ulled  in  the  testing  machine  without  being 
previously  subjected  to  any  straightr^ning  action  whatever.  The 
test  specimens  were  substantially  of  the  form  and  dimensions 
as  that  adopted  for  jilat-e  metal  by  the  American  Section  of  the 
International  Association  for  Testing  Materials,  namely:  eight 
inches  between  extreme  gauge  marks,  one  and  one-half  inches  wide 
throughout  the  gauged  portion,  and  enlarged  to  two  inches  width 
at  the  ends  where  held  in  the  grip  of  the  testing  machine. 
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The  physical  tests  were  made  at  the  National  Tube  Company's 
Laboratory,  MeKeesport,  Pa.j  under  the  immediate  direction  of 
their  metallurgist,  Mr.  G.  M.  Goodspeed. 

Chemical  Anulysis.—Thc  ehemieal  analyses^  columns  2G  to  31 
inclusive,  were  also  made  at  tlic  Tube  Company^s  Laboratory,  from 
drillings  taken  from  the  tulx^  or  from  the  entls  of  the  physicftl 
test  specimens. 

Material.— T\\e  kind  of  material,  whether  Bessemer  steel,  open- 
hearth  steel,  or  wrought  iron,  constituting  tho  different  ©X[)eri- 
mental  tubes,  as  entered  in  column  32,  was  dotermined  for  oacli 
case  by  means  of  the  chL^mical  analysis. 

It  will  be  observed  that  the  experimental  tnhm^  with  but  few 
exceptions,  w  ere  comj-iofled  of  Bessemer  steel.  In  Series  One,  thrw 
of  the  tubes  tested  proved  to  lie  wrought  ircm  and  also  three  open- 
hearth  steel,  all  the  others  of  this  scries  being  Bcsaemcr  sU^d,  In 
Series  Two,  one  group  of  five  tubes  pmved  to  be  wrought  iron* 

The  Bessemer  steel  constituting  the  tubes  had  the  following 
average  physical  proijorties; 

Tensile  siririgtli.  pounds  per  »\.  Inch * GS^OOO 

Yield  pnitit ,. ,.  87,000 

Elongation  in  8  indma,  ppf  oeiit..,.  ..>..> . ........  Sll 

HeductioD  of  Mjea,  per  c«Bt     » *  * _  * S7 

And  the  following  average  chemical  anidvi^ii^: 


Sulphur,  per  cfnt. .  ♦ , 
Pliosplmrus  pi*T  erni. 
MangatKiKO^  **  *'  i 
Carlion,  '*      '* 


Deduction  ok   Law  HnuwiNo    tiik  Ui^i^^TioPf  of  CgLLAmiKo 

pHKftiiURE  TO  THK   LeKGTIi  OF  TuaiC. 

Regrouping  of  I'ests,  —  In  order  to  arrive  at  the  litw  exjjrej>;s*tiiig 

the  coUapsin^f  prcHstires  of  Scricg  One  in  tennis  of  the  length  of 
tube  and  the  ilitTerent  thieknoBsGs  of  wall,  fur  the  diameter  chosen, 
it  was  neceswnry,  first  of  all,  to  arraiiu:!^  the  tests  of  tliiii  seriea  in 
the  manner  shnv^ii  in  ihe  tabli\  Figs.  JK-^O,  fii  llu-i  tM*'  nil 
the  values  entered  in  the  diflfereul;  eoliinitiirt,  exeept  the  Ins^t  threi^ 
of  the  group  of  four  columns  headed  "  Collapsing  l*niftfture/*  aro 
taken  directly  from  the  eorrej^ ponding  eohmins  of  the  table  of 
**  Principal  li<'HntiH  r»f  (Villapsing  Test^*,  Series  One/*  Fi^.  1 1-15, 
It  will  be  observed  that  the  tests  have  been  regrouped  bo  that, 
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erreCr  of  length  on  collapsing  pressure.—  Ah%tr9€t  fr^rrt  Loq^ 
rm*fa  Cont^ut^tc^  ty  Prof.RT^tAWQrt*^^Z'0^p  Oft  Noricna/  Twhm-  Ct^'s  Zap- 

fowhi^h  M  ^rfc#ptf  Q  Comparhon  w*fh  Yatu^^  fifs^d  from  thm  Curvm,  Ai ^l^wwittiM 
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£rr£CT  QF  Lt^NGTH  Ortf  COLLAPS'^G  P/rc^5<//?r. —  Ah^tract  from  I49  oT 

D/a/776fmr^  fa  Dttt^^mtff*  thm  Effmcf  9f  Lmnqth  of  Tt/ht  orr  fhm  C^/Op^m^  PritSivf^i 

f^  which  t^  A^^mtia  Cam/ourUoft  wtthVaittes.  /imati  fi^m  th^  Cvfvm^f^f^pr^9^f%^ 
y/19  the  Svmrenf^  R^stjft^  offhmt*  r»*/«»         >»i»rtf  a^jT  <:  «  v^rf-T  E^Si^cftvt^rmr.s.,t9as. 
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EFFECT  OF  LENGTH  ON  COUAPS/NG  PRESSURE.--  Abstract  F^om  Loq^ 
T€9fi  Con€fuct^<^  by  Prof.  Rr^rtwarf^  /902'C4,  ^n  /^afi^rtof  7uA#  Co.^  Lap" 
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Fio.  21.— Chart  siiowinq  Relation  or  Lk^gtii  orTirnvro  CoLtAi'WNcj  Putui* 

BOHB  FOR  National  Tusa  Co/s  LAP-wi:Lt>BD  Bbbskm^h  Stcbl  Tuti», 

Babi-:d  upon  Tests  on  Lknoth*  of  21,    S^   10,    15,  and  20  Fmm,  Con- 

l>ucriit>  nv  Prof.  H.  T*  Stewart,  1902^* 

The  lm<^  rudrkt^d  M  show  Ihe  relation  of  li?nKth  to  cpllap»mK  pr«M»yr»,  from 

t**ata  on  tubes)  8|"  O.D.,  and  tbu  lines  N»r>.0%  hdow,  linn  reij^tion  oa  hni^  on 

alt  teste  on  ouU^ide  dlaEiiet^ra  from  3  lo  10  inciie«. 
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for  each  of  the  five  lengths  of  tube  tested,  the  actual  average  thick- 
ness of  wall  of  each  experimental  tube  shall  fall  in  the  group  having 
the  nearest  nominal  thickness  of  wall. 

Collapsing  Pressure  Corrected  to  Nominal  ThicJcness. — ^In  the 
seventh  column,  or  the  first  of  those  headed  "CoUapaing  Pres- 
sure," Figs.  18-20,  are  entered  the  observed  collapsing  pressures- 
These  pressures,  of  course,  in  each  case  correspond  to  the  actual 
thickness  of  the  tube.  Since  the  actual  thicknesses  of  different 
commercial  tubes  of  the  same  nominal  thickness  of  wall  varjr 
somewhat  in  practice,  as  is  evident  from  running  the  eye  down 
column  4  of  this  table,  it  became  necessary,  in  order  to  get  strictly 
comparable  results,  to  obtain  from  the  observed  collapsiDg  pres- 
sure of  each  experimental  tube,  whose  thickness  of  wall  did  not 
equal  exactly  the  nominal  thickness,  a  collapsing  pressure  that 
would  correspond  to  this  nominal  thickness.  That  is  to  say,  the 
observed,  collapsing  pressures  corresponding  to  the  respective  thick- 
nesses  of  wall  tested  were  corrected,  so  that  each  would  represent 
what  the  collapsing  pressure  would  have  been  had  the  tube  had 
the  exact  nominal  thickness  instead  of  that  tabulated  in  column 
4.  These  collapsing  pressures,  having  been  thus  corrected  to  cor- 
respond to  the  nominal  thickness  of  wall,  are  entered  in  colmiiii 

8,  or  the  second  of  those  headed  "  Collapsing  Pressure." 

This  correction  was  made  graphically  by  first  plotting,  to  a  ver- 
tical scale  representing  collapsing  pressure  and  a  horizontal  scale 
representing  thickness  of  wall,  the  results  of  the  tests  for  all  the 
different  thicknesses  of  wall  for  each  of  the  five  lengths  of  tube ; 
second,  drawing  the  mean  line  representing  average  resultn;  and, 
third,  drawing  a  line  parallel  to  this  mean  line  through  the  plotted 
valuf^for  each  tube  intersecting  the  ordinate  corresponding  to  the 
thickness  of  that  tube.  The  collapsing  pressure  corresponding  to 
this  point  of  intersection  was  then  read  and  recorded  in  eoluinn  8. 

The  Collapsing  Pressure  from  Curve  M  for  each  nomiBal 
thickness,  in  the  five  different  lengths  tested,  are  entered  in 
column  9.  These  were  read  from  a  chart  similar  to  Fig,  21, 
but  drawn  to  a  much  larger  scale.  The  variation  of  the  values 
given   in  column   8   from   the   corresponding  values   in   rolumn 

9,  in  per  cent.,  are  given  in  column  10.  This  column  shows 
at  a  glance  how  the  individual  tests  corrected  to  nominal  thickness 
differ  from  the  mean  values  as  read  from  curve  M.  When  it  is 
considered  that  these  were  the  ordinary  commercial  lafMrelded 
wrought-tubes,  selected  at  random,  and  subjected  to  an  external 
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fluid  pressure,  it  is  surprising  that  there  should  be  such  a  slight 
variation.  It  will  l>e  observed  that  the  greatest  individual  vari* 
ation  does  not  exceed  22  per  cent,  while  the  greatest  variation 
among  the  group  averages  is  8.2  per  eent^  the  greater  portion  of 
these  being  less  than  5  per  cent.  The  average  variation  of  the 
group  averages  is  0.2  per  cent.  TheoreticaUj^  of  course,  tliis  should 
be  zero,  but  the  very  small  value  of  0.2  per  cent  obtained  serves 
as  a  satisfactor}'  cheek  upon  the  accuracy  of  the  mean  values  read 
from  curve  M. 

Relation  of  Cothjmng  Pressure  to  Lvnglh  of  Tube,— This  re- 
lation is  clearly  shown  in  Fig.  21  for  f^J-iiich  easing  (8|  inches 
outside  diameter)  in  tlie  four  nominal  thicknesses  of  0.180,  0.22 JJ, 
0.271,  0.322  inch,  and  for  lengths  of  from  2  to  20  feet  t>etwoen 
the  regular  screwed  couplings. 

On  tliis  chart  the  combined  circleE  and  croBsea  represent  the  dif- 
ferent plotted  averages  contained  in  column  8,  Figs,  18*20.  By 
means  of  these  plotted  values  the  curves  marked  M  were  con- 
structed. The  .'^pacing  of  these  curves  was  adjusted  m  that  when 
the  values  of  tlie  table,  Figs,  18-20,  wore  alao  plotted  to  collap- 
sing ])ressure  and  ihiekness,  for  each  of  the  five  lengths  tested,  the 
resulting  curves  were  smooth.  By  this  method  of  eross-plottiug 
the  individual  (xperiments  on  S|-inch  outside  diameter  tuk-s, 
tlie  four  curves  marked  M  were  ohtained-  Each  of  these  curves, 
then,  is  not  basod  only  upon  the  group  averages  belonging  to  it, 
but  is  also  baseil  upon  the  grrmp  averages  V^longing  to  the  other 
tliree  curves  siinilnrly  marked, 

Tlie  curves  vuirh-d  N  were  obtained  by  adjusting  the  curves  M 
so  as  to  harmoiii/e  with  the  moat  probable  values  for  collapsing 
pressure  as  based  upO!i  Series  Two.  The  difference,  it  will  be 
observed,  is  smnll,  I  he  different  eurvea  N  henng  only  5.0  per  cent. 
below  the  corre^^fHuidiiig  curves  M. 

Discussion  of  Curves  M  and  JV^.*— An  insiiection  of  Fig,  31  diji- 
closes  the  fact  tliut  for  thia  mm  of  tube,  ci^peeially  for  the  thinner 
walls,  there  is  a  marked  dropping  olT  in  collapsing  pre^^ure  m 
the  Icuigth  of  tnU'  is  increa.^eci  up  to  ulxnrt  4i  frKjt,  or  until  a 
length  equal  to  nUmil  (\  diameters  is  reached.  Beyond  ihif^  point 
there  appears  to  l»r  no  further  materia]  decrease  in  the  collapsing 
pressure.  For  <'xaiuple3  from  curve  M,  for  a  thickness  of  0,180 
inch,  the  collapning  preasurcB  for  lengths  of  2,  4i  and  20  feet  are 
respectively  1,0:^0,  570,  480  pounds*  That  is  to  gay,  an  increase 
in  length  from  2  to  4^  feet  diminishes  ihe  collapsing  prewure  by 
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480  pounds,  while  a  further  increase  from  4^  to  20  feet  in  length 
diminishes  the  collapsing  pressure  by  only  90  pounds.  As  the 
thickness  of  wall  is  increased  this  disparity  between  the  relative 
strength  of  long  and  short  tubes  becomes  less  prominent  until  for 
a  thickness  of  0.322  inch  the  diflFerence  is  so  small  as  to  be  of  no 
])ractical  importance.  For  exjnn])le,  assuming  20  feet  to  be  the 
standard  length  of  tube  between  end  connections  tending  to  hold 
it  to  a  circular  form,  we  Knd  from  curve  N,  for  a  thickness  of 
0.1  «0  incli,  that  for  lengths  of  20,  15,  10,  5  and  2  feet,  the  respec- 
tive C()llaj)sing  ])ressur(*s  would  lx>  450,  470,  500,  540,  and  980 
pounds,  which  correspond  to  increasees  of  4.5,  11,  20,  and  118 
per  cent.  resj)ectively ;  Avhile  for  a  thickness  of  0.f322  inch  the 
values  of  the  colhipsing  ])ressures  for  the  same  lengths  are  1,850, 
1,1)15,  2,000,  2,140  au<l  2,;M)0  pounds,  which  correspond  to  in- 
creases of  3.5,  S,  l(i,  and  21)  per  cent,  respectively. 

A  study  of  these  curves  M  and  X,  taken  in  connection  with  the 
])hotographs  of  the  experimental  tul)es  aft(»r  being  collapsed,  and 
coluum  10  of  the  tabular  stateuu^nts  of  princii)al  results  of  tests, 
will  show  couclusiv(»ly  that  for  lengths  greater  than  about  six 
diameters  th(^  strengtli  of  a  tuk*  when  subjected  to  a  fluid  col- 
lapsing pressure  is  substantially  constant.  Tt  must  bo  remem- 
bercMl,  while  studying  the  photographs  and  colunm  10  of  the  tables 
reftMTcd  to,  that  the  inability  to  stop  the  hydraulic  pressure  pump 
instantly  the  experimental  tul)e  failed,  together  with  the  recoil 
of  the  hydraulic  test  (cylinder,  will  ordinarily  account  for  an  ex- 
trusion of  the  IcMigth  of  the  collapsed  portion  by  probably  two  or 
more  diameters,  after  failure  had  actmilly  occurre<I. 

Pkeviously  PunLisuEi)  FouMULAE  FOR  THE  Collapsing  Pres- 
sures OF  Tubes. 

Preparatory  to  entering  upon  the  ex])erimental  investigation  of 
wlH(rh  this  is  a  re])ort,  an  extensive  search  was  made  through  the 
technical  literature  where  one  would  expect  to  find  matters  re- 
lating to  the  collapsing  })ressures  of  tubes  and  flues.  As  a  result  of 
this  search  a  number  of  formula3  were  collected  and  compared. 

Since  completing  the  ])resent  research  comparisons  were  made 
of  the  results  of  the  actual  tests  and  the  corresponding  valnea 
calculated  by  the  different  published  formul^e.  These  are  shown 
in  Figs.  22  to  *53  inclusive.  It  will  l)e  observed  that  these  com- 
parisons  have   lx?en   made   for    plain    tubes,    8^    inches   outside 
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diameter,  in  four  eommereial  thickueaseaj  and  for  lengths  nf  2|, 
5,  10,  15,  and  20  feet  between  end  eonnnectiona  tending  to  hold 
them  to  a  circular  form- 
In  the  table  and  charts  above  referred  to  And  in  the  diseusaion 
that  here  follows : 

P  =  probable  fluid  collapsing  pressure,  in  pounds  per  aquare  inch, 
as  based  upon  the  present  research,  and  for  the  eonditiona 
stated, 
p  =  collapsing  presfture  as  calculated  hy  the  different  luiblisluMl 

formulae  for  the  same  condition  as  for  P- 
d  =  outside  diameter  of  tube  in  inches. 
t  ==  thickness  of  Avail  in  inches. 

1  =  length  of  tube  in  inche^g. 
L  —  length  of  tubc^  in  feet 

P/p  =  The  relation  of  tbe  actual  collapsing  pressnurej  for  any 
stated  conditional  to  that  calculated  by  the  different  pub- 
lished  formulie  ff>r  the  same  conditions. 
Fairhairns  Formula. — From  hh  o\mi  experiments  Fairbiiini 

established  the  following  euipirieal  fonimla: 

ft  19  jS.IV 

He  states  that  ^*  tlte  alM>ve  is  the  general  formula  for  tlie  caku* 
lation  of  the  strength  of  wrouglit-iron  tubes  auhjecteii  to  external 
pressure,  within  the  limits  indicated  by  tlie  exi>crinient^|  tlnit  i% 
provided  that  the  length  is  not  less  than  L5  feet,  and  not  greater 
than  probably  10  feet"  It  would  apjx^ar  that  thi;*  upper  limit 
was  arbitrarily  fixed,  since  none  of  the  tubes  tested  by  him  ox* 
ceeded  about  five  feet  in  length,  and  wero  held  rigidly  to  a  cir- 
cular form  at  the  ends. 

Fig.  23  shows,  pkjtted  to  s^cule,  llu;  value*i  entered  in  eoluiinuH 

2  and  3  of  Fig.  22.  In  tliiM  chart  the  vertlcul  jwale  ropres^ent-a 
fluid  collapsing  pntisnre,  in  poiindi*  pi^r  square  inch,  ami  tlie  hori- 
zontal scale,  length  of  tube,  in  feet,  tietween  end  connections  tend- 
ing to  hold  it  to  a  circular  form. 

The  four  curves  shown  in  full  lines  are  based  ujKvn  the  teats 
conducted,  during  tlie  present  res«t^areh,  on  8§-i!ie!i  outside  diam* 
eter  tubes  in  the  fniir  different  thickne»S4us  uf  wall  s^hown  and  for 
the  five  lengths  above  stated*  The^e  Hnea  arti  tlie  same  a»  curvej* 
N.     (Sec  i>ago  TOT  and  Fig.  2L) 

The  broken  and  dotted  lineu  roproaent  the  results  obtained  by 
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1  la.  2:i— FAIHBA.1RN.    Chart  snawiKa  Cohfabisqm  or  YAtvta  won  Coi^ 

LAPSING  pREasUUKS  OF  8|"  O.D,  TuUSS^  QBTAmKD  BIT  USK  OF   FAtllllAm^'S 

Formula,  with  valuer  babku  om  Tr.sT»  OH  Natiokal  Tttdr  Co/a  BEsat^ 

MER  StEKL  LAr-WKLDED  TuBES. 

Broken  lines  show  value*  obtninwl  liy  urn  of  Fftlrijaim's  Fonmib,  full  lln^ 

tiiose  bawed  *iii  Pruf.  8Utwitrt*«  yxjiorimerititt 
Fairbmm  stat^e^  that  hk  fonnulu  b  j^pplicaUlo  to  lengths  from  1|  to  tO  toaU 
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plotting  to  the  same  scales  the  corresponding  values  for  ooUapsing 
pressure  as  calculated  by  Fairbairn's  formula. 

For  both  sets  of  curves  the  thickness  of  wall  in  decimals  of  an 
inch  is  written  at  lx)th  ends  of  the  curve  representing  the  tube. 

It  should  be  observed  that  the  portitms  of  the  curves  oonsistiiig 
of  long  dashes  represent  the  application  of  Fairbaim's  fomula 
within  the  limits  of  length  assigned  by  him,  while  the  portions 
consisting  of  short  dashes  are  beyond  this  limit  These  latter  have 
been  drawn  for  the  purpose  of  showing  how  utterly  inapplicable 
is  this  formula  to  modern  commercial  tubes  of  comparatively  long 
lengths  between  joints  or  end  supports  tending  to  hold  them  to 
a  circular  form,  such  as  well  casing,  boiler  tubes  and  long,  plain 
boiler  flues. 

Applicability  of  Fairbairns  Formula. — It  would  appear  from 
this  chart  that  Fairbairn's  formula  is  applicable  only  to  tubes 
having  a  comparatively  thin  wall  and,  at  the  same  time,  a  rela- 
tively short  length  between  joints  tending  to  hold  the  tube  to  a 
circular  form.  That  this  should  be  the  case  is  quite  natural,  since 
the  experiments  furnishing  the  data  upon  which  this  formula  waa 
based  involved  these  conditions  of  relatively  thin  walls  and  short 
lengths.  This  is  (]uite  apparent  from  an  inspection  of  the  chart 
which,  it  will  be  observed,  is  for  tubes  having  outside  diameters 
of  8g  inches  in  lengths  of  from  2 ^  to  20  feet,  and  for  thicknesses 
of  wall  of  0.180,  0.229,  0.271  and  0.322  inch. 

The  only  place  on  the  chart  where  values  calculated  by  Fair- 
bairn's  formula  agree  substantially,  over  any  appreciable  length 
of  tube,  with  those  obtained  by  the  present  research  on  modem 
commercial  tubes  is  for  the  tubes  liaving  a  thickness  of  wall  equal 
0.180  inch,  which  were  the  thinnest  tested,  and  then  only  for  a 
length  up  to  about  4.5  feet,  or  six  diameters  of  tube.  The  chart 
shows  that  at  Fairbairn's  limit  of  length  of  10  feet  a  tube  having 
an  outside  diameter  of  8f  inches  and  a  thickness  of  wall  of  0.180 
inch  would  probably  collapse  at  500  pounds  per  square  inch.  For 
these  same  conditions  Fairbairn's  formula  gives  a  pressure  of 
220  pounds,  or  44  per  cent,  of  this  value,  the  actual  collapsing 
pressure  being  thus  2.3  times  that  calculated  by  this  formula. 
Again,  for  a  plain  tube  of  twice  this  length,  or  20  feet  between 
end  connections  tending  to  hold  it  to  a  circular  form,  and  for  the 
same  diameter  and  thickness  of  wall,  we  get  450  pounds  for  the 
former  and  110  pounds  for  the  latter.  For  this  case  it  appears 
that  the  value  calculated  by  use  of  Fairbaim's  formula  is  only 
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24  per  cent  of  tliat  obtained  by  experiment,  tbe  latter  for  thia 
case  being  4.1  timers  the  former.  It  is  thus  seen  tliat  when  applied 
to  an  8f-inch  tube^  0.180  inch  thick,  and  20  feet  long  between 
joints,  Fairbairn's  formula  gives  a  result  for  the  collapsing  pres- 
sure that  is  a  trifle  over  300  per  cent  in  error. 

It  will  be  observed  that  Fairbairn's  formula  is  even  less  ap- 
plicable to  a  tube  having  a  thicker  wall.  For  exainplej  Fig.  23 
shows  that  for  the  same  diameter  of  tube  as  before,  but  having  a 
thickness  of  wall  equal  0*271  instead  of  0*180  inch^  the  true  values 
for  probable  collapsing  pressures  at  Fairbairn'S  limit  and  for 
lengths  of  20  feet  are^  respectively,  2,7  and  5,0  times  that  obtained 
by  use  of  his  formula-  In  other  words,  this  formula  for  these  con- 
ditions gives  results  that  are  apparently  in  error  by  respectively 
170  and  400  per  cent. 

For  8f-inch  commercial  tubes  having  thicker  walls  than  0,180 
inch  it  will  be  observed  that  Fairbairn^s  formula  gives  the  correct 
collapsing  pressure  for  but  one  lengthy  namely,  that  at  wdiieh  the 
broken  line  cuts  the  corresponding  full  line.  The  chart  shows 
clearly  that  Fairbairn's  formula  does  not  apply  to  modem  lap- 
welded  tubes  having  either  relatively  thick  walls  or  long  lengths  be- 
tween joints  or  end  connections  tending  to  hold  them  to  a  circular 
form. 

Material  of  Fairbaim\^  Tuhe.^.~No  attempt  has  been  made,  in 
this  report,  to  modify  the  constant  of  Fairbairn's  formula  so  as  to 
adapt  it  to  steel  tiilx?s.  Thia  was  because  of  two  reasons :  First, 
no  determination  upi>eara  to  have  been  made  for  the  pliysieal  prop* 
erties  of  the  wrought  iron  constituting  Fairbairn's  ex|K5riniental 
tubes,  at  least  an  examination  of  the  records  of  his  rcst^arch  has 
not  disclosed  any  information  on  this  point  Second,  even  had  we 
a  record  of  the  pliysical  properties  of  the  material  of  his  tuliea, 
there  appears  to  be  no  simple  relation  lietwcen  tlic*  eolhipsing  prea- 
sure  of  a  tube  and  the  physical  j^ropertiea  of  th«  materinl  of  which 
it  is  foruied.     For  u  tliseiissiou  of  tlii?;,  sne  |ia^e  .SOO, 

However,  since  iMiirtmini'a  exi>erinu*nt-al  tui>es  were  made  from 
rolled  plates,  No.  11)  B/W*G,,  or  0,042  inch  thick,  of  presumalily 
high-grade  iron,  the  flat  pktt^s  U^ing  rolled  coM  into  tubular  form^ 
then  riveted  and  brazed,  it  would  api)car  that,  f^ir  these  oijnditiona, 
the  material  of  tliese  tubes  would  not  differ  greatly  in  physical 
])roperties  from  those  of  the  very  soft  Bteal  need  in  modem  com- 
mercial lap-Avelded  tubefl, 

Fairhairns  Approximate  Formula^— Tim  formula  waa  obtained 
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FiQ.   24. — ^FAIRBAIRN.    Chart  showing  comparison  op  values  for  cx>ir 

LAPSIKO  PBESSTJRICS  OP  Sf"  O.D.  TURES,  OBTAINED  BY  USE  'i^v  FAniHATFv'** 

Ai*pHoxntATB  Formula. -w  ITU  values  based  on  Tests  on  National  Tubs 
Ou.'s  Br.#n*faiER  Steel  Lap-welded  Tubes. 

Broken    mps  show  valuee  obtained  by  use   of  Fairbaim's  Appionmate 
Fornuila.  full  lines  those  based  on  Prof.  Stewart's  experiments. 

Fairbaim  s1at<»8  that  his  formula  is  applicable  to  lengths  from  1)  to  10  feet. 


COLLAPSINO    PRESSURES    OF    LaP-WELTiI^D    BTEEL    TL^EFS, 

from  the  preceding  nmre  exiict  one  by  chaiiging  the  factor  ^'^ 
to  <^,  thus  giving  rise  to  a  fornmla  that  could  be  &iorc  rmdily 
handled  in  the  making  of  cMlcnhitions,  The  formula  thus  modi- 
fied is 

p  ^  9,(176,000  ^  =  806,300 1-  , 

The  precise  mauner  in  which  this  ehaugio  affects  the  results 
can  l>cst  bn  had  by  mnking  a  comparison  of  Fig.  34:  with  Fig. 
23.    Also  by  comparing  columns  6  and  6  with  3  and  4  of  Fig.  22. 

Such  a  comparison  will  ahow  that,  while  not  representing  tlio 
conditions  of  Fairbairn's  ex  peri  men  tSj  namely^  relatively  thin  walls 
and  short  lengths,  as  well  aa  the  more  exact  formula,  it  is  aim 
quite  inapplicable  to  modern  wrought  tubes  in  relatively  long 
lengths. 

Grashofs  Formula. — Qrashof  selected  from  Fairbaini'a  ex- 
periments 17  of  tho^e  having  walls  0.042-itich  thick  and  4  h;iviug 
walls  ^  to  J  inch  thick  and  from  these  21  experiments  ho  de<liiced 
the  following  form n la  : 

As  this  formula  was  found  to  represent  the  results  of  Fair* 
bairn's  experiments  <>u  ihe  tulx^s  Jiaviug  walls  0.0  12-ineh  thick  bet- 
ter than  those  having  walls  J  to  J  ineh  thick,  he  ilerivud  the  foUow- 
ing  formula  for  tht^  Inttrrj  luirnely ; 

This  formula  has  been  applied  to  tubes  having  an  outside  di- 
ameter equal  8|  iiiche,^  in  lengths  from  2J  to  20  feet  and  for 
four  commercial  thlckuewsas  of  wall  from  0,  l.SQ  to  0,322  lut'k 
Tlu»  precise  uuuiner  in  which  tbeae  ealoulatod  valuer  differ  from 
the  true  pinbable  collapsing  pre.HHures  Is  clearly  abown  in  Fig.  25 
aud  in  (M.luuni  14  of  the  table,  Fig*  22. 

Ni/stroni's  Formula  -  ^y^inmi  abo  used  Fairbaim'i*  experi* 
nients  for  tlie  deduction  of  hii*  formuUi  for  tho  collapsing  streugtli 
of  flues. 
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Fio.  25. — G  RASH  OF.    Chart  showing  comparison    op   values  por  oou- 

LAI»8INO   PRESSURES  OF  8|"  O.D.  TuBES,  OBTAINED   BY  USB    OP    GrASHOP's 

Formula  B,  with  values  based  on  Tests  on  National  Tube  Go.'» 
Bessemer  Steel  Lap-welded  Tubes. 
Broken  linos  show  values  obtained  by  use  of  Grashof 's  Formula,  full  lines 

tliosc  based  on  Prof.  Stewart \s  experiments. 
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Fro*  I'li, — KY9TR0M.    CHA»t  fiBowmo  com^aiuiidn  of  vAttru  ro«  collap^ 

INU     PHKA.'iUREe    OF    81"    0,D*    TUBM.    OUTLINED    BV    U»K    OF    NVHTHOU'^ 
FottMULA,    WITH    V  ALU  MB    BABMSi    OH   Tlumi    ON  NATIONAL  TtJBi:  Co/fi  HlS- 

fitKUKR  Htkf^  IjAP'Wi^iiDCD  Tuafig. 

Broken  Imed  abow  valuta  oUUtnod  by  use  of  NyBlrom*8  Formula,  Tul!  Luivei 
IlkoMo  lijuied  ou  Prof.  iSlewEfcrt'ji  iixpurifuenLsi. 
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Where  T  is  the  tensile  strength  of  the  material.     Subatitatixig 

n\] 


60,000  for  T  and  —  for  L  in  this  formula  gives 


p  =  692,800 


d^/l 


Nystrom  considered  4  a  sufficient  factor  of  safety  for  use  with 
his  formula. 

The  customary  value  of  50,000  for  T  has  been  used  in  this 
formula  for  two  reasons:  (1)  In  order  that  the  results  obtained 
might  be  comparable  with  the  other  heretofore  published  formulfBy 
all  of  which  are  presumably  for  wrought  iron;  and  (2)  becaiue, 
since  the  collapsing  strength  of  a  tube,  in  the  light  of  the  present 
research,  appears  to  be  quite  independent  of  the  tensile  strengtli 
of  the  material  constituting  it,  it  was  thought  best  not  to  attempt 
any  modification  of  the  formula.     (See  page  800.) 

A  comparison  of  pressures  obtained  from  Nystrom's  fomnla  and 
the  probable  collapsing  pressures  of  modern  lap-welded  tabes  is 
shown  in  Fig.  26  and  column  8  of  Fig.  22. 

Unwins  Formulce. — ^TJnwin,  who  had  been  associated  with  Fair- 
bairn  when  he  made  his  collapsing  tests  on  tubes,  has  derived  the 
following  formula?  for  thick-walled  tubes,  namely,  walls  i  to  ^ 
inch  thick. 

For  tubes  with  a  longitudinal  butt-joint : 

p  =  9,614,000  ^:jj (A) 

For  tubes  with  a  longitudinal  lap-joint : 

p  =  T,363,000  ^-^V.i« (B) 

Unwin  states  that  when  the  length  of  tube  between  end  con- 
nections or  transverse  joints  tending  to  hold  it  to  a  circular  form 
is  at  least  10  or  12  diameters,  the  strength  does  not  decrease 
with  further  increase  of  length. 

A  comparison  of  values  from  these  formulae  with  the  probable 
collapsing  pressures  of  modern  tubes  is  given  in  Figs.  27  and  28, 
and  columns  10  and  12  of  Fig.  22. 

ClarVs  Formuloe. — For  the  derivation  of  his  formula  A,  Clark 
selected,  from  the  reports  of  the  Manchester  Steam-Users  Associa- 
tion, the  dimensions  of  six  boiler  flues  which  collapsed  while  in 
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FiCf-  27.— UNWIN.    Chart  jshowing  compakison  or  VALism  for  Caua^mim 
Feeshurib  or  8J"  0*D*  TuBls,  oi*tainkd  bit   obk  oif  Unwik'b  Forxula 

A,  WITH    VALUKS    BA8£D    OK   TfiaTfl    ON    NATlQHAt^   Tuill    Go/S  BlMBEVCR 

Steej^  Lai'-weldkd  Tub^. 

Broken  lines^  show  valu€fl  obtained  b^  uae  of  Unwia'i  FormuUt  "for  tub«« 
with  a  longiiudina]  buttr joint/'  full  linos  tJioae  baaed  on  Prof.  Btewurt'tf  expcri^ 
mentft. 

Unwin  states  that  when  the  length  b  at  le^at  10  of  12  dituneterm  the  utrength 
do«0  not  decrcftse  with  further  inoreoae  of  leugthi 
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FiQ.  28. — UN  WIN.    Chart  bhowinq  compakison  of  values  fob  oollapszho 

PRESSURES   OF  8|"  O.D.  TUBES,   OBTAINED    BY  USE  OF  Ustwin's  FoRMULA, 
B,  WITH    VALUES    BASED  ON   TeSTS  ON    NATIONAL   TUBE   Co.'S  BbmSMBB 

Steel  LAi'-wtit-ui'-L?  Tuni^^^, 

Broken  lines  ahow  values  obtained  by  use  of  Unwinds  Formula  "for  tubes 
with  a  longitudinal  lap-joint,"  full  lines  those  based  on  Prof.  Stewart's  experi- 
ments. 

Unwin  states  that  when  the  length  is  at  least  10  or  12  diametera  the  strength 
does  not  decrease  with  further  increase  of  length. 
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I'nj,  m— CLARK.    Chart  ediowiNo  coiirAJiiBON  or  vkvvma  roR  coLUinuNii 
PREaaDnna  a^  8)^'  O.D.  TcrtiKa,  obtain rd  by  osh  or  Ci'Aiiic'it  Fokmijljs, 

WITH     VAMJB.B     llAdKB     ON     TlSBT«    ON     NATIONAL    TPBE    C^l/fl     Bl^BHBltKfl 

Mtfel  Lap-wklued  Tunica, 

Hroken  tineR  ftbow  vuluaa  obtaUud  by  use  of  Clark's  Fornitilie,  A  S^  B,  ftiU 
liiuvi  thcisie  bii,^i^<i  <(ii  rr<if.  Hi^wart'n  iiicpcrimwriti*. 
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Fig.  30. — LOVE.    Chart  showing  comparison  op  values  for  ooLLApanfo 
Pressures  of  8|"  O.D.  Turks,  obtained  by  use  op  Ix)vb*8  FoRiim^A.  with 

VALUES    rased     ON    TESTS    ON    NATIONAL    TuBE    Go.'s    BbSBEICER   BTBBL 

Lap-welded  Tubes. 

Broken  lines  show  values  obtained  by  use  of  Trove's  Fonnula,  full  lines 
based  on  Prof.  Stewart's  experiments. 
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Fio,  31  *— BELPAIRE*    Chart  «4howing  CoMPAitiitON  ar  VALOEi  for  Ooi*^ 

LAJ-8ma  pREJU^UKKOr    8|"  0>D.  TuiiKS  OnrrAtHED    BT  USK  OP   BEU'AlltE*^ 
t\jltMULA,     WITH     VAhVV&     UAHEO     Ol4     TtSIIB    DM     NAtlOMAL    Tu&8    Oci.'ll 

Bcs^mitiiti  Stkel  Lap- welded  Tu&bpi. 

Brokcrn  Hues  show  valuc-«  obtmn^d  by  uwc  of  Bdpiiire^i  Fonniilar  fiill  lia«s 
those  itased  on  Prof.  S1ow;k1/k  rvpflririK^ntH. 
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Fig.  32. — ^WEHAGE.    Chart  Showing  Ck)MPAiiisoN  of  Values  for  Collaps- 
ing  Pressures   of  8f"  O.D.  Tubes,  obtained  by  Use  of  Wehaoe'b 
Formula,  with  Values  Based  on  Tests  on  National  Tube  CJo.'s  Besbb- 
MER  Steel  Lap-welded  Tubes. 
Broken  lines  show  values  obtained  by  use  of  Wehage's  Formula  for  welded 

or  buttr joints,  from  Dingler's  Journal,  Vol.  242,  1881,  page  236,  and  the  4th 

German  ed.  Reuleaux's  Const.,  page  1084.     The  full  lines  show  values  baaed  on 

P  of.  Stewart's  experiments. 
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viakw  h*  iStt^  ^fZ, 

VhU  iH3.  WP^FIAGE.  CllAlit  miOWINO  C'OMI'AKiaaN  of  ViU.t7K3  FOR  C(>U.AF»- 
JNQ  J*llKHSUrtK»  t>Jf  H|'  O.D.  TtTltKH  OlSTAtNVIk  BY  UHK  OF  WkHAQI^V 
FiiltMUI.V,  WITH  VAl.trl<:S  BknVU  UN  TI^Trt  OS  NATIONAL  TURE  Ctj/B  BkMSK^ 
JMt:u  Stkki.  liAp-WKi.UKD  IVHJCti. 

Broken  Vim  a  hIiow  vi4iip#  obtained  by  mt  of  W(4iftge*ii  Farmulu  for  wt^ldi^d 
ur  butl-joiritH,  from  ltolpjiux'»  Coiu*tiiif5tor  tmmtUted  by  Hiiplci^^  18^3,  pa|^ 
2Q\l    The  full  trni^  ihow  vatuoa  baaed  on  Prof*  ^lewart'ii  tuc|H!nuuait«« 
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actual  use  and  in  boilers  under  known  pressures.    The  resulting 
formula  was 

^,  =  .^(^-500) (A) 

For  the  collapsing  pressure  of  plain  riveted  boiler  flues,  Clark 
gives  the  following  formula : 

_  200,000 1^ 

d}-^  •     •     •     • 


i>  = 


For  a  comparison  of  values  from  these  formula  with  the  prob- 
able collapsing  pressures  of  lap-welded  tubes,  see  Fig.  29  and 
column  20  of  Fig.  22. 

Love's  Formula. — M.  Love's  formula,  which  was  also  deduced 
from  Fairbairn's  experiments,  is  as  follows : 

i?  =  5,358,000  ^  +  41,900  -j  +  1,320  |. 

For  a  comparison  of  values  obtained  by  its  use  with  the  collaps- 
ing pressures  of  modem  tubes,  see  Fig.  30  and  coluimi  22  of 
Fig.  22. 

Belpaire's  Formula. — ^From  Fairbaim's  experiments  Belpaire 
has  deduced  the  following  formula : 

p  =  3,427,000  ^  +  56,890,000  ^. 

For  a  comparison  of  values  from  this  formula  with  the  probable 
collapsing  pressures  of  modern  tubes,  see  Fig.  31  and  column  24 
of  Fig.  22. 

Dr.  Wehage  deduced  a  formula  for  flues  with  butt-joints 
which  he  states  is  also  applicable  to  lap-welded  tubes.  This  for- 
mula was  apparently  based  upon  Fairbaim's  three  experiments 
on  tubes  thicker  than  -J  inch  together  with  three  isolated  tests 
on  boiler  flues  and  two  failures  of  flues  Avhile  in  service* 

In  metric  units,  as  published  in  Dingler's  Journal,  vol.  242, 
1881,  page  236,  and  in  the  4th  Grerman  ed.  of  Eeuleaux^s  Con- 
structor,  this  formula  is — 

«- 120,000 1^^:^ 

where  the  collapsing  pressure,  o^,  is  expressed  in  kilograms  per  sq. 
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centimeter;  while  tJie  diamotcrj  P,  the  thicknc^ss^  <y,  and  length  I, 
are  in  millimeterB. 

Reduced  to  the  j^ame  Britiwh  unil#i  in  wliiL^h  the  other  formule 
are  expressed,  this  foninihi  becotocj* 


1  ^/± 


A  comparison  of  values  ohtained  by  use  of  this  formula  with  the 
results  of  the  present  research  is  shown  in  Fig.  S2  and  in  column 
18  of  Fig.  22. 

Suplee's  translation  of  Beuleaux's  Constructor,  1893,  p^g©  969, 
states  this  formula  in  Eritiah  iinita  to  be 


p  =  490,000 


1   ^f± 

dyM 


For  a  comparison  of  results  by  iJus  formula  with  the  reaulta 
of  the  present  research  see  column  16  of  Fig<  22^  and  also  Fig,  33< 

English  Board  of  Trade's  Formtda. — The  following  formula 
from  the  English  Board  of  Trade  is  obtained  from  Fairbaim' s  ap- 
proximate formula  by  uaing  a  factor  of  safety  of  about  9,  and 
substituting  L  +  ^  for  L,  namely: 


p  = 


il^ljd' 


In  column  26  of  Fig.  22  will  he  found  a  eompari»on  of  valuea 
from  this  formula  with  the  collapsing  presaurea  of  lap- welded 
tubes.  It  will  be  smn  from  an  inspection  of  column  26  that  the 
actual  factor  of  safety,  resulting  from  the  applicatian  of  this 
formula  for  the  assumed  conditions,  varies  approximately  from 
8  to  36. 


Collapsing  Testa,  Skbiics  Two,  oh   Twkhty-foot  LsKaxiis, 

SlIOWINQ    TBE    IkFLUBNCB    OF    DlAHETEIl    ASO    TUJOK- 

NF^s  OF  Wall  o»  thk  Collai^si^o  PmcaauKK. 

The  purpose  of  Seriea  One  was  to  determine  the  precipe  nature 
of  the  influence  of  li^ngth  of  tube  upon  the  collapsing  pressure. 
By  length  of  tube  ia  here  meant  the  diatanee  betwp<jn  eouplingai  or 
other  end  connections,  of  a  single  length  of  tube,  tcadlrig  to  hold 


788     COLLAPSING    PRESSURES    OF   LAP-WELDED   STBXL   TUBBS. 

it  to  a  circular  form.  The  experimental  determinations  ocmatitat- 
ing  Series  One,  as  recorded  elsewhere  in  this  paper,  see  page  768 
and  Fig.  21,  show  conclusively  that  for  commercial  wrought  tabes 
8f  inches  outside  diameter,  there  is  no  practical  difference  in  the 
collapsing  pressure  for  lengths  greater  than  six  diameters  up  to 
twenty  feet.  As  soon  as  this  point  had  been  fully  established  ex- 
perimentally it  was  decided  to  make  all  succeeding  tests  on  tubes 
in  lengths  of  20  feet.  This  was  accordingly  done,  the  results  of 
these  tests  being  grouped  as  Series  Two. 

The  apparatus  used,  and  the  manner  of  making  the  tests  of 
Series  Two  were,  in  every  essential  respect,  precisely  the  same  as 
for  Series  One.  A  complete  detailed  statement  of  these  will  be 
found  in  that  portion  of  this  paper  that  deals  with  Series  One. 

The  tabular  statement  of  principal  results  of  Series  Two  will  be 
found  in  Figs.  34  to  42.  This  tabular  statement  is  presented  in 
exactly  the  same  form  as  that  of  Series  One.  For  the  precise  mean- 
ing of  the  different  entries  in  this  table,  see  the  explanation  of  the 
entries  of  the  corresponding  table  of  Series  One. 

Derivation    of     Formulae     for    the    Probable    Collapsinq 

Pressure  of  Lap-welued  Ijessemer  Steel  TuBf»  for 

Lengths    of    Twenty    Feet. 

Re-grouping  of  Tests. — The  first  step  taken  toward  the  deriva- 
tion of  formula)  for  the  strength  of  wrought  tubes  subjected  to 
external  fluid  pressure,  as  based  upon  the  results  of  the  present  re- 
search, was  the  re-grouping  of  the  tests  as  shown  in  Figs.  43-46. 

This  table  contains  an  abstract  from  the  Log  of  the  results  of 
all  tests  on  tubes  in  lengths  of  20  feet,  excepting  those  that  were 
intentionally  dinged  or  put  out  of  round,  before  being  tested,  for 
the  purpose  of  obtaining  data  on  the  results  of  such  defects. 

It  will  be  observed  that  the  tests  in  this  table  are  grouped  ac- 
cording to  the  outside  diameter  of  tube  and,  for  each  diameter, 
are  arranged  in  the  order  of  thickness  of  wall. 

Plotting  Group  Averages  to  -j. — It  is  apparent  that  for  tubes 

subjected  to  external  fluid  pressure  there  are  three  principal  vari- 
ables involved,  namely,  the  outside  diameter,  d,  the  thickness  of 
wall,  t,  and  the  fluid-collapsing  pressure,  P.  It  is  also  apparent 
that  each  of  these  variables  is  a  function  of  the  other  two,  that  is 
to  say,  depends  jointly  upon  each  of  them  for  its  value. 
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After  a  fruitless  effort  to  tlerivu  n  satbfactory  formiiln  on  the 
basis  of  three  variables,  vvhichj  when  plotte*!,  woiihl,  of  t^ourso,  be 
a  surface  in  space,  the  thought  happily  proeeuteil  it^lf  that  two  of 

these  variables,  t  aiiH  d^  could  bo  replaced  hy  their  quotient,  or  -^ 

which,  of  course,  nuglit  bo  treat^jtl  as  a  single  variable.  By  the 
adoption  of  this  exi)edietit,  matters  were  greatly  Ainiplifieil,  aince 
it  thus  became  possible  to  plot  the  rtjaiilts  of  the  tentii  for  all  di- 
ameters and  thicknesseJ3  of  wall  on  a  plane  surfaetv 

Fig.  47  shows  the  group  averages  of  Figs,  43-46  plotttnl  in  this 
manner,  that  is  to  say,  t-o  a  vertical  sealo  reprtw^ntiii^  thiid- 
collapsing  pressures  in  [xmudjj  jjer  square  inchj  aiKl  a  hori/^mtal 
scale  representing  I  be  quotient  arising  from  dividing  the  thickness 
of  wall  by  the  out^side  diameter,  both  Iteing  e.xpn.^iied  in  inches. 

Formula  B, — ]iv  an  inspection  of  Fig.  47  it  l)ec4iino  apparent 
that  the  bulk  of  the  group  averages  could  be  repre^wutixl  by  a 
straight-line  formuhu  indood  all  of  them  cjould  be  tliua  represented 
with  the  exception  of  ilits  few  having  values  of  tbiekne^ta  divided 
by  outside  diameter  less  than  0,023.  In  other  words,  about  Bll 
per  cent,  of  the  group  averages  of  Figs*  43-46  can  be  thus  repre- 
sented. 

On  this  basis  then,  for  values  of  -^great^^r  than  0.033,  formula 

B  was  deduced,  it  toeing  as  follow»: 

P  =  86,670  ^  -1386 (B) 

Where  P  -  collapj^ing  ]»rt^ure,  lbs.  j>cr  sq.  ineh, 
ff  —  oiitHiile  (liatooter  of  inlw!  in  iudu'^, 
t  «  thick neKN  of  wall  in  inehe^;* 

Remembering  that  thiti  same  formula  might  also  hav6  been  ar* 
rived  at  by  the  Hub^^titntion  of  proper  cinpirical  c^in^tjint^  in  a 
similar  formula  for  a  theoretically  perfect  tuU\  and  furtlier,  Bince 
Fig.  47  shows  no  apparent  deviation  from  straightnes.^  on  the 
upward  course,  it  waa  not  thought  nf*ceesary  to  a^t  on  upiier  limit 

to  the  value  of     .    in  the  application  of  this  fomnila,  believing 

that  it  will  give  sulwtiintially  correct  rcmilts  for  all  cr*7rntif*n'itil  lap- 
wcMimI  H('HS(uuor-2^toel  tubes  whom  tJiickui'iaa  divided  by*  the  out- 
sid(»  diameter  is  greater  than  0,028, 

Formula  A. — This  formula  for  valuta  of  -^  le«a  than  OMZ 

d 
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Fig.  47. — Chart  showing  Actual  and  Calculated  Collapsimo  

OP  Natioi^al  TtTBB  Co.'s  Bessemer  Steel  Lap-wt:ldej[>  Tubes  Floitbd 
TO  TnicicNESfl  -f-  Outside  Diameter,  or  Vd-    Based  on  Tebib  by  Iteor. 
Stewart  on  20-rooT  ubnqtbb. 
Note  that  group  ivveragea  are  represented  by  crosses  (+),  the  ftttacbad 

figures  i.iAiii^^ting  out«iido  diam<;ter.  while  vBlnm  calculated  by  means  of  foimute 

A  and  B  are  represented  by  circles  (o). 
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was  derived  upon  the  assumption  tliat  when  plotted  upon  Fig,  47 
the  resulting  curve  should  be  tangent  to  the  straight  line  represent- 
ing formula  B,  and  be  also  tangent  to  the  horizontal  axis  at  the 
origin  O.    This  arbitrary  assumption  gave  a  formula  which  repre* 

sented  very  satisfactorily  the  few  experiments  in  which    ,    waa 

less  than  0.023.    The  formula  thus  obtained  is 

P=::100f)(l-|/l_l§00 


WJ 


(A) 


Where  P,  d  and  t  ixm  the  same  as  for  formula  B, 

This  formula  should  be  used  for  values  of  -^  less  than  0.028 

and  for  P  greater  than  ^y  d. 

Since  constructing  the  charts  and  tables  contained  in  this  paper, 
it  was  discovered  that  a  formula  having  a  rational  form  with  em- 
pirical  constants  could  be  substituted  for  the  purely  empirical 
formula  A.  This  formukj  in  addition  to  involving  theoretical 
considerations  of  elasticity,  is  much  the  simpler  of  the  two*  It  is 
applicable  only  to  tubes  havim*  relatively  Uiin  walls,  that  \%  to 

say,  to  those  having  values  of  ^  less  than  0»023^  and  ifl 

Where  F,  d  ancH  are  the  same  as  for  formula  A. 
Eitlicr  formula  A  or  G  repreeentB  satisfactorily  the  rosiilu  of 
the  cxporiuicnts  nwulv  on  thin-walled  tubes,  that  is,  those  in  which 

is  less  than  0.0:]:;,  but  probably  formula  Q  will  pormit  of  tfie 

greater  exterpolatimi. 

The  following  formula'  are  meant  for  application  In  isiifi  tllA 
outside  diameter  and  plain-end  weight  are  given.     They  were 

(h^ivod  from  fonnnhr  A  and  B  and  are 


/ 


,     .    (D) 


p  ^  11.050  -  2fi,520 


/9.W-7. 


Where  to  =  the  plain-end  weight  of  tube  in  pounds  per  foot* 
while  F  and  d  are  the  ea^e  as  lor  formula  A  and  B« 
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Formula  C  is  for  values  of   -j^     less  than  0.287  and  P  leas 

than  581  lbs.,  while  formula  D  is  for  values  greater  than  these. 

Charts  of  Actual  and  Calculated  Collapsing  Pressures. — 
Figs.  48-50  show  a  comparison  of  the  results  obtained  by  actual 
test  with  the  corresponding  calculated  values,  plotted  to  a  vertioal 
scale  representing  collapsing  pressures  in  pounds  per  square  inchy 
and  a  horizontal  scale  representing  the  thickness  of  wall  in 
decimals  of  an  inch.  It  will  be  noted  that  Fig.  48  is  for  the  ex- 
perimental tubes  having  outside  diameters  of  3,  6  and  10  incheSi 
the  diameter  being  written  in  each  case  on  the  margin  at  the  ri^t* 
hand  end  of  the  line  representing  the  tube.  Similarly,  Figs.  49 
and  50  were  constructed  for  the  tubes  having  outside  diameters  of 
respectively  4  and  7  inclies,  and  6f  and  8|  inches. 

The  lines  on  these  Charts  were  plotted  from  values  calculated 
by  means  of  formula  A  and  B,  representing  the  most  probable 
values  for  the  collapsing  pressures  of  lap-welded  Bessemer-steel 
tubes  in  lengths  of  20  feet  between  transverse  joints  tending  to 
hold  the  tube  to  a  circular  form.  The  center  of  each  small  circle 
lying  on  these  lines  represents  a  plotted  calculated  value. 

The  actual  collapsing  pressures  of  the  different  tubes  tested, 
plotted  to  the  same  scales  as  the  calculated  values,  are  represented 
by  crosses  (+)  for  those  having  outside  diameters  of  3,  10,  4,  7 
and  8f  inch,  and  by  tecs  (T)  for  the  6  and  the  6f  inch*  In  a 
number  of  instances,  in  order  to  avoid  confusion,  the  characters  be- 
ing very  close  together,  it  became  necessary  to  omit  a  part  of  the 
cross  (+),  in  which  case  it  became  a  tee  (T),  and  likewise  a  part 
of  the  tee,  it  thus  appearing  as  an  angle  or  ell  (L). 

Group  averages  are  represented  on  these  charts  by  means  of 
combined  crosses  and  circles  (-o-). 

It  will  be  observed  tliat  tlie  group  averages  of  the  actual  collaps- 
ing pressures  lie  very  close  to  the  corresponding  values  calculated 
by  means  of  formula;  A  and  B.  For  the  actual  variation  in  per 
cent.,  see  Figs.  43-46,  column  9,  which  gives  the  variation  for  the 
individual  tests  as  well  as  for  the  group  averages. 

Formulae  A  and  B  being  based  upon  the  results  of  all  the  ex- 
periments on  the  20-foot  lengths  of  the  lap-welded  Bessemer-steel 
tubes  tested,  excepting  the  three  that  proved  to  be  defective,  it  ia 
clear  tliat  the  curves  plotted  on  these  charts  represent  average 
values  for  the  extreme  range  in  thickness  of  wall  for  each  of  fhe 
seven  diameters  tested. 
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Fig.  49. — Chart  showing  Actual  and  Calculated  Collap0INO  Pbbbsubbi 

OF  National  Tube  Co.'s  Bessemer-Steel  Lap-welded  Tubbb  Plottbd 

TO  Thickness  op  Wall.    For  Outside  Diameters  of  4  and  7  nccBBB, 

in  20-poot  lengths.    Based  ox  Tests  by  Prop.  Stbwabt,  1902-4. 

Note  that  individual  experiments  are  represented  by  crosses  (+)  calculated 

values  by  circles  (o)   and  group  averages  by  combined  cirdes  and  crowea(-O-). 
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The  scattering  of  individual  results  as  compared  with  the  gen- 
eral average  appears,  from  these  charts,  to  be  restricted  to  com- 
paratively small  bounds  when  it  is  considered  that  we  are  dealing 
here  Avith  a  product  that  varies  noticeably  in  a  number  of  the 
characteristics  that  go  to  make  up  its  strength.  Since  these  charts 
represent  the  results  of  tests  on  the  common  run  of  commercial 
lap-Avclded  Bessemer-steel  tubes,  taken  at  random  from  the  stock, 
it  is  surprising  that  the  scattering  of  individual  results  is  not 
greater  than  that  shown. 

Apparent  Fiber  Stress  on  Wall  of  Tube  at  Instant 
OF  Collapse. 

Fig.  51  shoAvs  the  apparent  couij)ressive  stress,  in  pounds  per 
square  inch,  at  the  instant  of  collapse,  on  the  walls  of  the  tubes 
constituting  Series  Tavo.  This  chart  is  constructed  to  a  horizontal 
scale  representing  tliickness  of  wall  divided  by  outside  diameter 
of  tube  and  a  vertical  scale  representing  apparent  fiber  stress  in 
pounds  per  scjuare  inch. 

The  crosses  (  +  )  represent  the  apparent  fiber  stress  of  the 
group  averages  of  Figs.  43-46,  the  attached  figures  indicating  the 
outside  diameter  of  tube,  wliile  tlie  curve  represents  the  formnlse  E 
and  F,  plotted  to  the  same  scales.  These  formula?,  which  were 
deduced  to  represent  tlie  most  probable  values  of  the  apparent  fiber 
stress  in  the  walls  of  the  tubes  constituting  Series  Two,  at  instant 
of  collapse,  are  as  follows : 

For  values  of    —    less  than  0.023  *. 
(I 


S  =  500  y  (l  ^  i^l  -  1,^00^5)     .    .    .     .     (E) 

An<l  for  values  of     ,   great  or  than  0.023 : 

S  =  43,335  -  693  ^ (F) 

z 

Where    S  =  }ipi)arent  fil)cr  stress  in  lbs.  per  sq.  inch, 
(7  =T  outside  diauK^tor  of  tube  in  inches, 
/  =  thickness  of  wall  in  inches. 

An  ins])ection  of  this  chart  will  shoAV  that  the  apparent  fiber 
stress  on  the  wall  of  the  tube  at  instant  of  collapse  varied  all  the 
way  from  about  Y,000  pounds  per  square  inch  for  the  relatively 
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thinnest  to  35,000  pounds  per  square  inch  for  the  lelatiTelj  thick- 
est walk. 

This  chart  shows  conclusivelv  that  the  ability  of  a  conmieTcial 
wrought  tube  to  ^^-ithstand  a  fluid-collapsing  pressure  is  not  de- 
pendent alone  upon  either  the  ultimate  strength  or  elastic  limit  of 
the  material  constituting  it  A  study  of  this  chart  has  led  to 
some  very  interesting  deductions  which  will  be  dealt  with  in  a 
separate  paper. 

Relation  of  Poijtt  op  Collapse  to  Length  of  Tubx. 

Theoretically  a  tube  should  begin  to  callapse  at  the  middle 
of  its  lengthy  that  is,  at  a  point  half  way  between  transverse 
joints,  or  end  connections,  tending  to  hold  it  to  a  circular  form. 
This  statement  is,  of  course,  based  upon  the  assumption  that  the 
material  of  the  tube  is  perfectly  homogeneous  in  its  physical  prop- 
erties and  that  the  diameter  and  thickness  of  wall  are  stricdy  con- 
stant throughout  its  entire  length. 

The  truth  of  the  above  statement  becomes  apparent  when  we 
consider  that  the  strength  of  a  tube  to  resist  collapsing  pressore 
depends  upon,  first,  the  transverse  rigidity  of  its  wall  and,  second, 
the  tendency  of  the  end  connections  to  hold  the  tube  to  a  circular 
form.  Since  the  former,  for  the  assumptions  made,  would  be  con- 
stant from  end  to  end  of  the  tube  and  since  the  latter  tendency 
would  become  less  as  the  distance  from  an  end  connection  increases, 
it  is  evident  that  a  theoretically  perfect  tube  subjected  to  a  fluid- 
collapsing  prospiire  would  be  Aveakest  at  a  point  that  is  at  the  great- 
cjst  possible  distance  from  both  of  its  ends,  Avhich  point  is,  of 
course,  located  at  the  middle  of  its  length. 

In  commercial  tul>es,  however,  the  material  is  not  strictly 
homogeneous  in  its  physical  properties  and  there  is  also  a  alight 
variation  in  out-of-roundness  of  the  different  cross-sections,  from 
end  to  end,  as  well  as  a  perceptible  variation  in  thickness  of  wall. 
Because  of  those  a  commercial  tube  is  not  necessarily  weakest 
against  collapsing  pressure  at  the  middle  point  of  its  length,  as  is 
tlie  case  for  the  theoretically  perfect  tube. 

The  actual  relation  of  the  point  of  collapse  to  the  length  of 
tube,  for  tlio  sovoral  hundred  commercial  tubes  tested,  is  shown  in 
Fig.  52.  This  chart  represents  a  20-foot  tube  divided  into  foot 
lengths  and  numlx^red  consecutively,  beginning  at  the  left-hand 
end.  Over  each  division  is  placed  the  Log  number  of  the  experi- 
mental tubes  that  collapsed  at  points  nearest  to  that  diviaion. 
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Thus,  experimental  tubes  Nos.  100,  433  and  505  collapsed  nearest 
the  9-foot  division  from  the  left-hand  end  of  tube,  while  Nob.  422 
and  452  collapsed  nearest  the  12-foot  division. 

It  will  be  observed  that  the  greater  number  of  the  tubes  collapsed 
at  points  that  arc  at  distances  of  2  feet  and  IS  feet  from  the 
left-hand  end,  that  is,  at  a  distance  of  2  feet  from  either  end,  while 
comparatively  few  collapsed  at  or  near  the  middle  of  their  lengths. 
In  fact,  this  chart  shows  that  more  than  seven  times  as  many 
of  the  experimental  tubes  collapsed  at  two  feet  from  either  end 
than  at  a  point  midway  between  the  ends. 

In  order  to  have  this  chart  show  the  relation  of  the  point  of 
collapse  to  the  nearest  end  of  the  tube,  it  is  obvious  that  we  should 
transfer  the  test  numbers  of  the  right-hand  half  to  the  correspond- 
ing columns  of  the  left-hand  half;  for  example,  we  should  trans- 
fer the  test  numbers  over  division  18,  which  is  two  feet  from  the 
right-hand  end,  to  the  column  over  division  2. 

This  has  been  done  for  all  the  columns  of  the  right-hand  half 
of  the  chart,  the  dashes  shoA\Ti  being  made  to  represent  the  test 
numbers  of  the  right-hand  half  of  the  scale  transferred  to  the 
corresponding  columns  of  the  left-hand  half. 

Since  these  experimental  tubes  were  obtained  by  sending  in 
orders  in  the  usual  commercial  way,  presumably  they  were  taken 
at  random  from  the  company's  stock,  and,  having  been  handled 
several  times  before  being  placed  in  the  test  cylinder,  it  is  ob- 
vious that,  since  it  is  not  known  in  which  direction  any  of  the  tubes 
were  passed  through  the  mill  while  being  manufactured,  no  sig^ 
nificance  can  be  attached  to  the  fact  that  a  greater  number  of  the 
tubes  failed  nearer  the  left  than  the  right-hand  end.  This  chart, 
however,  shows  very  clearly  that  the  bulk  of  tubes  placed  under 
test  were  least  capable  of  resisting  fluid-collapsing  pressure  at  a 
point  near  one  end. 

The  reason  why  the  bulk  of  these  tubes  collapsed  near  one  end 
is  evidently  due  chiefly  to  the  following  two  facts,  namely,  (1) 
that  a  tube  subjected  to  collapsing  pressure  is  weakest  at  the  point 
where  the  departure  from  roundness  is  greatest,  even  when  this 
is  small,  see  Fig.  54,  and  (2)  that  the  greatest  departure  from 
roundness  for  the  bulk  of  lliese  tubes  Avas  near  one  end,  see  Fig. 
53. 
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Chabt  Showing  Eelation  of  Greatest  Depabtubb  ssok 
Roundness  to  Length  of  Tube. 

Fig.  53  shows  at  a  glance  how  the  place  of  greatest  departure 
from  roundness  is  related  to  length  of  tube.  For  an  explanation 
of  the  manner  of  construction  see  the  description  of  Fig.  62,  the 
tAvo  having  been  constructed  according  to  the  same  general  plan, 
the  only  difference  being  that  Fig.  52  shows  the  location  along 
the  length  of  the  tube  of  the  point  of  collapse,  while  Fig.  68  shows 
similarly  the  location  of  the  point  of  greatest  departure  from 
roundness. 

These  two  charts,  taken  in  connection  with  Fig.  54,  show  that 
the  element  of  greatest  weakness  in  a  commercial  lap-welded  tube 
is  its  departure  from  roundness,  even  when  this  departure  from 
roundness  is  comparatively  small,  as  was  the  case  with  the  tubes 
tested.  Comparing  these  three  charts  with  Fig.  56,  it  will  be 
seen  that  the  thinnest  portion  of  wall,  while  in  itself  an  element 
of  weakness,  is  wholly  subordinate  to  out-of-roundness  in  its  in- 
fluence upon  the  collapsing  strength  of  commercial  lap-welded 
tubes. 

Kelation  of  Axis  of  Collapse  to  Smallest  Diamxtxb 

OF  Tube. 

The  autographic  calipering  diagrams  taken  from  the  tubes  be- 
fore being  placed  in  the  hydraulic  test  apparatus  show,  as  was 
to  be  expected,  that  none  of  the  tubes  tested  were  exactly  round. 
This  departure  from  roundness,  while  measurable  by  the  refined 
methods  used  for  its  determination,  was,  nevertheless,  small,  vary- 
ing all  the  way  from  zero  to  as  much  as  possibly  2  per  cent  of  the 
diameter.  It  is  apparent  that,  for  homogeneous  material  and  uni- 
form thickness  of  wall,  a  tube  whose  cross-section  is  not  circular 
will  start  to  yield  in  the  direction  of  its  smallest  diameter,  and 
the  axis  of  collapse  Avill  be  coincident  with  the  original  smallest 
diameter  at  the  place  of  collapse. 

That  the  slight  out-of-roundness  of  the  tubes  tested  was  the  chief 
factor  in  determining  the  place  of  collapse  is  quite  apparent  from 
an  inspection  of  Fig.  54. 

This  chart  shows,  for  each  tube  whose  test  number  appears,  to 
the  nearest  5  degrees,  the  angular  distance  from  the  axis  of  ool- 
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lapse  to  the  nearest  end  of  the  orginal  smallest  diameter  of  the 
cross-section  through  the  place  of  collapse.  Since  no  significance 
need  be  attached  to  the  plus  and  minus  signs  on  this  chart,  seeiiig 
that  had  any  tube  been  placed  in  a  reversed  position  in  the  test 
apparatus  it  would  have  also  had  the  sign  of  its  angular  distance 
from  the  axis  of  collapse  reversed,  the  test  numbers  having  nega- 
tive angles  have  been  transferred  to  the  corresponding  columns  con- 
taining those  having  positive  angles.  In  order  to  avoid  confusion 
the  places  of  the  test  numbers  thus  transferred  are  indicated  by 
dashes. 

Relation  of  Axis  of  Collapse  to  the  Weld. 

Fig.  55  is  constructed  on  the  same  general  plan  as  Fig.  54, 
for  explanation  of  which  see  above. 

This  Chart  shows  that  the  angular  distance  from  the  weld  to 
the  axis  of  collapse,  for  the  different  test  numbers,  is  quite  uni- 
formly distributed  over  about  two-thirds  of  the  possible  distribu- 
tion and  shows  conclusively  that  the  weld,  in  itself,  is  not  an  ele- 
ment of  weakness  for  tubes  that  are  subjected  to  external  fluid 
pressure. 

Relation  of  Axis  of  Collapse  to  the  Thinnest  Pobtiof 

OF  Wall. 

Fig.  56  is  constructed  on  the  same  general  plan  as  Fig.  54, 
for  explanation  of  which  see  above. 

This  chart  shows  a  fairly  uniform  distribution  of  the  test  num- 
bers over  about  three-fourths  of  the  possible  distribution  on  either 
side  of  the  axis  of  collapse,  with  a  somewhat  prominent  increase 
over  the  remaining  fourth. 

A  study  of  this  chart  in  connection  with  Fig.  64  will  lead 
to  the  conclusion  that  the  tcmdency  of  commercial  tubes  is  to  fail 
so  as  to  have  the  axis  of  collapse  at  right  angles  to  the  diameter 
through  the  thinnest  portion  of  the  tube.  It  should  be  observed 
in  this  connection  that  the  bending  action  on  the  wall  of  a  tube 
while  being  collapsed  is  most  pronounced  at  this  same  point,  that 
is  to  say,  at  90  degrees  from  the  axis  of  collapse.  It  will  also 
appear,  from  these  same  charts,  that  for  commercial  lap-welded 
tubes  the  usual  departure  from  roundness  has  a  more  pronounced 
effect  in  determining  the  manner  of  collapse.     In  other  words, 
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when  these  two  influences  are  related  so  as  to  oppose  each  other 
the  latter  almost  invariably  predominates. 


Application  to  Practice  of  Stewart's  "Formulak  A  and  B 
FOE  THE  Collapsing  PKEsauuKS  of  Lap-weh>ki>  Stkkl 

Tubes, 

Table  of  Collapsing  Pressures  mid  Weighls.—Tlu'!  probable  ool* 
lapsing  pressures  contained  in  the  table,  Fig3.  57  and  5^^  wore  cal* 
culated  by  means  of  formula3  A  and  B,  see  page  793, 

These  formula^  were  derived  from  results  of  tests  on  20*fool 
lengths  of  Bessemer-steel  lap-welded  tnbes.  They  are,  however^ 
substantially  correct  for  any  lengtli  greater  than  about  six  di- 
ameters of  tube  between  transverse  joints  or  end  connections  tend- 
ing to  hold  the  tube  to  a  circular  form. 

In  the  columns  lieaded  '^O.P/'  are  entered  the  probable  collaps- 
ing-fluid pressures  in  pounds  per  square  inchj  as  ealeulat-ed  by 
formula?  A  and  B;  while  in  cobimns  headed  ^^Wl"  are  entered 
the  corresponding  plain-end  weights  in  pounds  per  foot  length* 
These  weights  were  calculated  on  the  basis  of  one  cubic  inch 
tfteel  weighing  0.2S33  pound.  It  will  be  noted  that  each  weight 
column  and  the  corresponding  collapsing-preBSuro  column  taken 
together  constitute!  a  double  column  that  is  headed  by  tho  outside 
diameter  of  the  tul>e  to  %vhich  this  doiiblo  column  correspond** 

E'Xample  L  Yi\ul  tlie  plai0*oiid  weight  and  the  probable  ooUaps- 
ing  pressure  of  a  lap- welded  Bttst^rner-steel  tube  whoae  ouuido 
diameter  is  G  inchi-i  mikI  tliickiioHs  t>f  wall  0*180  inch- 
In  d(uiblc  coluiiHi  lic'rtdcd  ^*  0  O.D,/*  Fig,  58,  and  opposite  0,18 
iu  tho  extreme  left -hand  eohimn  read  11.19  and  1314,  the  first 
l)oing  the  required  phiin-end  weight  in  pounds  |ier  foot  length  and 
the  second  the  probable  collapsing  fluid  prcisure  in  pounds  per 
square  inch.  Thia  collapsing  presaiire  is  for  a  20-foot  length 
between  transverse  jointii  or  other  supports  tfrndtng  to  hold  the 
tului  to  a  cinnilar  form,  but  is  also  aubstantjally  correct  for  any 
Icugth  grontor  thai\  about  0  diameters  or,  in  thiscaBO,  3  feet. 

Example  2,  Find  tht'  collapdiDg  preisurf!  of  a  tube  7  inches  out* 
side  diameter  having  a  plnin-eiid  weight  of  17  poundi  per  foot 

From  tli(»  doublr  oolunui  head  '^  7  0-D</'  Fig.  58,  we  find  that 
a  ])lain cud  weiglit  of  17.33  poundei  per  foot  oorrefiponds  to  a 
probable  collapsin^^  pressure  of  1,586  pounds  per  square  inchj  and 
also  that  a  weight  of  16.63  pounds  csonMponds  to  a  eoUapfting 
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Fio.  59.— Chart  showing  the  Values  op  the  Table  of  CoLiiAFSiNa  P&bb- 
8URE8  OF  Lap-welded  Steel  Tubes,  Figs.  67  and  68,  CoNarrsucrKD 
TO  A  Vektical  Scale  of  Coli^psing  Pressurfjs  and  a  Hobisomtal 
Scale  op  Thickness  op  Walu 
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pressure  of  l^OS  pounds.  N'ow,  by  the  usual  method  for  interpo- 
lating it  will  be  found  that  for  a  plain -end  weight  of  17  pounds  per 
foot  the  corresponding  collapsing  pressure  will  be  1,527  pounds  per 
square  inch. 

It  is  believed,  however,  that  the  tabular  values  in  this  table 
are  suffit^iently  numerous  to  render  it  unnecessary  to  make  any 
interpolations  whatever  while  applying  it  to  practice. 

Factors  of  Safety, — It  must  be  remtimbered  that  these  tabular 
values  represent  the  probable  collapsing  pressures  as  based  upon 
the  tests.  This  being  the  case,  any  individual  tube  is  aa  likely  to 
fail  above  as  below  this  most  probable  pressure*  The  relation  of 
the  collapsing  pressure  of  each  individual  tube  to  the  moat  prob- 
able, as  tabulatedj  is  clearly  shown  in  Figs.  48-50,  where  the 
curves  represent  the  tabular  values,  crosses  the  collapsing  pressures 
of  individual  tubes,  and  combined  cros^s  and  circles  the  adjusted 
group  averages.  Expressed  in  per  cent*,  this  variation  of  each  in* 
dividual  collapsing  pressure  from  the  tabular  is  shown  in  column 
9  of  Figs.  43-4  G,  This  table  shows  that  not  one  of  the  several  hun- 
dred tubes  tested  failed  at  a  pressure  lower  than  42  per  cent,  of 
the  probiible  collapsing  pressure,  while  J  of  one  per  cent  of  tho 
number  of  tubes  failed  at  37  per  cent,  and  2  per  cent  at  25  per 
cent  of  that  preaaure*  In  other  words,  with  an  actual  factor  of 
safety  of  1.75,  as  b&aed  upon  this  table^  Figs*  5T  and  58,  not 
one  of  tlio  tubes  tested  would  have  failed. 

From  an  inspecrtion  of  the  charta  and  table  above  referred  lo 
it  would  appear  that: 

1.  For  the  most  favorable  practical  conditions,  namely,  when 
the  tube  is  subjected  only  to  stress  due  to  fluid  pressure  and  only 
the  most  trivial  loss  ffl>uld  result  from  its  faihiro,  a  factor  of  safety 
of  three  \vould  appear  sufficient 

2.  When  only  a  moderate  amount  of  loss  oould  result  from 
faihiro  use  a  factor  of  four. 

3.  Wlten  considerable  damage  to  property  and  loss  of  life  might 
result  from  a  failure  of  the  tube,  then  use  a  factor  of  safety  of 
at  least  bIx. 

4.  WIk  u  tho  conditions  of  service  are  such  as  to  cause  the  tube 
to  bccouir  h'ss  capable  of  rc*aisting  collapsing  pressure,  such  as  ^e 
thinninijf  nf  wall  due  to  corrosion,  the  weakening  of  the  matdrlal 
due  to  overheating,  the  creating  of  internal  Strega  in  the  wall  of 
flio  tube  i!uo  to  tmequftl  heating,  vibration,  eta^  the  above  faclora 
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of  safety  should  be  increased  in  proportion  to  the  severity  of  these 
actions. 

Example  3.  By  means  of  the  table,  Fig.  57,  find  what  thick- 
ness of  wall  a  4-inch  boiler  tube  should  have  in  order  to  withstand 
a  working  pressure  of  200  pounds  per  square  inch^  with  a  factor 
of  safety  of  eight 

In  this  case  the  probable  collapsing  pressure  should  equal  the 
working  pressure  multiplied  by  the  factor  of  safety,  or  1,600 
pounds.  Now,  looking  in  double  column  headed  "4  O.D.,"  we  find 
the  nearest  tabular  collapsing  pressure  to  be  1,G47  pounds.  This 
corresponds  to  a  thickness  of  0.14  inch  or  No.  9  B-W.G.,  as  rc|^d 
opposite  in  the  extreme  left-hand  column. 

Example  Jf,  Find  the  plain-end  weight  ])cr  foot  of  a  6J-inch 
casing  to  withstand  a  maximum  difference  between  external  and 
internal  fluid  ])ressures  corresponding  to  a  water  head  of  800  feet, 
on  the  basis  of  a  factor  of  safety  of  four. 

A  table  of  hydrostatic  pressures  will  show  that  this  head  of 
800  feet  will  create  a  fluid  pressure  of  347  pounds  per  square  inch, 
tending  to  collapse  the  tube  at  its  lower  end.  Multiplying  this 
by  the  factor  of  safety  we  get  1,388  pounds  per  square  inch  as  the 
probable  collapsing  pressure.  Now,  looking  in  double  column 
headed  "0§,"  which  is  the  outside  diameter  of  a  nominal  6J  casing, 
wo  find  the  nearest  tal)ular  collapsing  pressure  tx)  be  1,361  pounds, 
which  corresponds  to  a  ])lain-ond  weight  of  14.39  pounds  and  a 
thickness  of  wall  of  0.21  inch. 

Chart  Showing  Relation  of  Collapsing  Pressure  to  -j. — Fig. 

60  resulted  from  plotting  equations  A  and  B  (see  pp.  798-796)  to  a 
vertical  s(*alo  of  probable  collapsing  pressures  and  a  horizontal 
scale  ropros(mtiiig  the  thickness  of  the  tube  divided  by  its  outside 

diameter,  or  the  -,-  contained  in  th(\sc  formulie. 
'  a 

By  plotting  in  this  manner,  a  single  line  may  be  made  to  repre- 
sout  the  collapsing  pressures  of  a  great  variety  of  tubes,  irrespect- 
ive of  their  individual  diameters  or  thicknesses  of  wall. 

Tt  will  1)0  noticed  that  this  is  the  same  curve  as  that  shown  in 
Fig.  Al,  \\\(\  difference  being  that  it  is  drawn  to  larger  and  more' 
conveuiently  rc^nd  scales. 

In  order  to  condense  the  size  of  this  chart  the  curve  is  broken 
into  the  two  })arts  XX  and  YY.  By  this  means  the  area  of  the 
chart  has  been  reduced  to  about  one-fourth  of  that  which  would 


—  \ 


w^iHOf^M^^triu  (.-) 


COLLAPSING    PRESSUUBS    OF    L A  P-TIV  BLUXD   t>T££l>    TUBES. 


817 


otherwise  have  been  required  to  construct  the  chart  to  the  scales 
shown.  It  will  be  observed  that  YY  h  the  upper  portion  of  XX 
transferred  to  the  left  and  then  dropped  dowoj  the  break  in  the 
curve  corresponding  to  a  coUapaing  preBsure  of  2j080  pounds  and 
a  thickness  divided  by  diameter  of  0*040,  It  will  atao  l>o  observed 
that  the  scales  for  the  portion  XX  are  at  the  lower  and  right-band 
margins,  while  those  for  the  portion  YT  are  at  the  upper  and  left- 
hand  margins. 

The  smallest  di^  iaions  on  the  vertical  scale  represent  10  pounds 
collapsing  pressure,  while  those  on  the  horizontal  scale  represent 
0.0002  thickness  divided  by  outside  diameten  When  reading  to 
the  nearest  smallest  division  on  these  scales  the  error  will  not  ex- 
ceed five  pounds  for  probable  collapsing  pressure,  nor  0.0001  for 
thickness  divided  by  outside  diameten 

This,  then,  is  a  universal  chart  showing  the  relation  of  the 
probable  collapsing  pressure  of  a  tube  to  tlie  thickness  of  waU 
divided  by  outside  diameter-  It  roprcsent^i  the  adjusted  valuea 
of  the  group  averages  of  all  the  20'f*K)t  lengths  of  the  Bc^^sc^mer 
steel  lap- welded  tubes  tested,  omitting  the  three  that  proved  to 
be  defective,  and  may  therefore  be  used  witli  entire  eonfidence 
within  the  range  of  these  experiments ;  that  is,  for  Bessemer  steel 
lap-welded  tubes  from  2  to  12  inches  outside  diameter,  and  for 
all  commercial  thirktiess  of  wall  in  lengths  greater  than  nkuit  siic 
diameters  of  tube  lietween  joints  or  end  connef!tiona  tending  to 
hold  them  to  a  circular  form* 

Example  5.  Find  by  means  of  Fig,  60  the  probable  collaps- 
ing pressure  of  a  tube  having  an  externtil  dinmetur  oqiml  to  6 
inches,  and  a  thickness  of  wall  equal  to  0.203  incL 

Dividing  the  thickness  of  wiill  by  the  outitido  dianiek'r  wo  |ff^ 

—.  equal  0.0338.     Since  thiii  vahm  h  Itm  than  0.04  we  look  for 

it  on  the  scale  at  tho  lowor  margin  of  the  chart  Having  fotmd 
it  on  this  scale,  Lmk  along  the  vertical  lino  through  it  until  tho 
line  XX  is  rcacht^l ;  then  look  along  the  nearest  horizontal  line 
toward  the  right  and  read  from  the  scale  of  probable  enllapsing 
pn^ssuros  1,510  pounds  [>er  H^piaro  inch.  Thin  is  the  pmbablo  col- 
lapsing prossiiro  for  a  length  of  20  fiset,  but  in  alscj  substantially 
corrf  ot  for  :niy  length  greater  than  alKmt  Btx  diatnt*teni^  or  3  fwit 
for  a  O-iTioh  tube,  bclween  transverse  joinf!*  rending  tt>  hold  th« 
tube  to  a  circular  fornu 

Linear  Units  for  d  and  t—Tt  should  be  noted  that  both  the  onl- 
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side  diameter,  d,  and  the  thickness  of  wall,  t,  must  be  expresfled 
in  the  same  linear  unit  of  measure,  as,  for  example,  in  inches, 
centimeters,  millimeters,  etc.  The  name  of  the  linear  unit  is  im- 
material, the  chart  being  just  as  applicable  to  obtaining  probable 
collapsing  pressures  in  pounds  per  square  inch  when  the  diameter 
and  thickness  are  expressed  in  metric  as  when  in  English  units. 

Collapsing  Pressures  in  Metric  Measure. — ^First  divide  the 
thickness  of  wall,  t,  by  the  outside  diameter,  d,  both  being  ex- 
pressed in  either  inches  or  millimeters.  Second,  obtain  from  Fig. 
60,  as  in  example  5,  the  probable  collapsing  pressure  in  pounds 
per  square  inch.  Third,  reduce  the  resulting  collapsing  pressure 
in  pounds  per  square  inch  to  that  expressed  in  kilograms  per 
square  centimeter  by  multiplying  by  the  conversion  factor  0.0708. 

Example  6.  Find  the  probable  collapsing  pressure  of  a  tube 
whose  outside  diameter  and  thickness  of  wall  are  respectively  15 
centimeters  and  4  millimeters. 

Fifteen  centimeters  being  equal  to  150  millimeters,  ^  ,  or  thick- 
ness divided  by  outside  diameter,  equals  0.0266.  Proceeding  as 
in  example  5,  we  find  the  probable  collapsing  pressure  to  be  920 
pounds  per  square  inch.  Multiplying  this  by  the  conversion  factor 
for  reducing  English  to  metric  units,  given  above,  we  get  920 
multiplied  by  0.0703,  or  64.7  kilograms  per  square  centimeter. 

Example  7.  With  a  factor  of  safety  of  eight  find  what  thickness 
a  3-inch  boiler  tube  should  have  in  order  to  resist  a  working  exter- 
nal fluid  pressure  of  220  pounds  per  square  inch. 

In  accordance  with  these  assumptions  the  probable  collapsing 
pressure  of  the  tube  should  equal  the  working  pressure  multiplied 
by  the  factor  of  safety,  or  1,760  pounds  per  square  inch.  From 
Fig.  60  find  1,760  on  the  scale  of  probable  collapsing  pressures 
at  the  right-hand  margin,  and  look  along  the  horizontal  line  through 
this  point  until  line  XX  is  reached ;  then  look  down  the  nearest 

vertical  lino  and  read  0.0363  as  the  value  of  -,   or  thickness  di- 

d 

vided  by  outside  diameter.  We  can  now  get  the  required  thick- 
ness of  wall  by  multiplying  the  value  of    -'  by  d^  which  gives  us 

t  equal  0.0363  X  3,  or  0.109  inch,  or  ^o.  12  B.W.Q. 

For  the  same  conditions  of  pressure,  a  tube  8  centimeters,  or 
80  millimeters,  diameter  should  have  a  thickness  of  wall  equal 
0.0363  X  80,  or  2.9  millimeters. 


COLLAPSING    PEE8SUEES    OF    LAPWELDKD   STEm.    TUBSS, 


819 


Chart  Showing  Relation  of  Collapsing  Pressure  to    %  -^  I*%- 

61  resulted  from  plotting  eqimtiona  C  and  D  (see  page  7&5)  to  a 
vertical  scale  of  probable  collapsing  pressures  and  a  horizontal 
scale  representing  the  plain-eud  weight  per  foot  divided  hy  the 

square  of  the  outside  diameter^  or  the  -j^  contained  in  the  for- 
mulae. The  errors  of  readiug  this  chart  should  not  exceed  6 
pounds  for  the  probable  coUapaiDg  pressure,  nor  0.001  for  the 
weight  divided  by  the  square  of  the  outside  diameter* 

This  chart  is  based  upon  precisely  the  same  experimental  data 
as  Fig.  60,  the  difference  being  that  for  any  given  size  of  tube 
this  chart  shows  the  relation  of  the  probable  collapsing  pressure 
to  the  plain-end  weight,  while  the  preceding  chart  shows  its  rela- 
tion to  the  thickness  of  wall  This  chart  should  be  used  in  cal- 
culations relating  to  collapsing  pressure  when  the  plain-end  weight 
is  either  given  or  required,  while  the  preceding  chart  should  be 
used  when  the  thickness  of  wall  is  given  or  required. 

Example  8.  Find  the  probable  collapsing  pressure  of  a  8f 
(7  O.  D.)  inch  casing  whose  plain-end  weight  is  17  pounds  por 
foot. 

Dividing  the  pLun-end  weight  in  pounds  per  foot  by  the  square 

of  the  outside  diameter  in  inches  we  get  -^  equal  0,347.     Find* 

ing  this  value  on  the  scale  at  the  lower  margin  of  Fig*  61  we 
look  vertically  until  the  line  XX  is  reached,  then  look  horizontally 
toward  the  right  and  read  1^525  pounds  per  square  inch  as  the 
probable  collapsing  pressure  required* 

While  this  value  is  for  a  20-foot  length  of  tube,  as  in  the  pre- 
ceding chart,  it  may  bo  used  without  substantial  error  for  any 
length  greater  than  about  six  diameters,  or  in  this  case  3J  feet, 
between  joints  tending  to  hold  the  tube  to  a  circular  form. 

Example  9.  FItkI  the  plain-^nd  weight  pi^r  foot  of  a  5g  inch 
casing  (6-inch  O.  I).)  to  withstand  a  majcimum  differenos  between 
external  and  internal-fluid  prossun^s  corre.'^ponding  to  a  water  head 
of  1,200  feet,  on  tho  basis  of  a  factor  of  safety  of  four, 

A  table  of  hydrostatic  pressures  will  show  that  this  head  of 
1,200  feet  will  crontc  a  fluid  pressure  of  520  pounds  per  square 
inch,  tending  to  collttpse  the  caiing  at  its  lower  cn<L  Multiply- 
ing tills  by  tlie  factor  of  safety  wo  get  2,080  pounds  por  square 
inch  as  tho  probable  coUapsiing  pressure.     Finding  this  value  on 
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the  left-hand  margin  of  Fig.  61,  we  look  horizontally  toward 
the  right  until  line  YY  is  reached,  then  up  the  nearest  vertical 

line  and  read  0.41  as  the  value  of  -7^  or  plain-end  weight  di- 
vided by  the  square  of  the  outside  diameter.     Now  since  —5^ 

equals  0.41,  w  will  equal  0.41  multiplied  by  the  square  of  the 
outside  diameter,  or  0.41  X  *'6  --  14.7G  pounds  per  foot,  as  the 
required  plain-end  weight. 


DISCUSSION. 

Mr.  Ilenning, — I  wish  to  compliment  the  author  for  the  char- 
acter of  the  paper  that  he  has  presented  as,  in  my  opinion,  it 
contains  valuable  information  which  the  Socierty  was  not  in 
Ix)sses3ion  of  before.  Of  course,  a  gi-eat  deal  of  time  has  been 
spent  on  it,  and  somebody  has  spent  a  lot  of  money  on  it,  but  it 
gives  us  information  which  is  valuable. 

I  wish  that  manufacturers  generally  would  give  us  as  much 
information  about  what  they  produce  as  has  been  given  herOi  so 
that  we  may  know  what  material  will  do  after  it  is  finishedi  and 
not  alone  what  it  will  do  when  it  is  in  the  shape  of  a  test  piece. 

Mr.  William  1\  Donnelly. — I  would  like  to  ask  whether  the 
tube  was  tested  while  in  the  horizontal  position  or  whether  it 
was  placed  in  a  vertical  position  for  testing? 

Professor  Stewart. — These  tubes  were  all  tested  in  a  horizontal 
position.  An  investigation  was  made  as  to  what  effect  the  position 
would  have  upon  the  collapsing  strength  of  the  tubes,  and  I  satis- 
fied myself  that  it  had  no  noticeable  effect.  Many  of  the  tubes 
were  of  such  weight  as  to  tend  to  float  up,  and  they  would  have 
floated  to  the  top  of  the  test  cylinder  had  they  been  permitted 
to  do  so.  This  was  due  to  the  fact  that  while  under  test  the 
tubes  were  open  to  the  atmosphere  on  the  inside,  and  were  sur^ 
rounded  by  water  on  the  outside.  Others,  of  course,  tended  to 
sink.  In  either  case  the  resulting  strain  was  quite  insignificant- 
Mr.  Rice. — As  Chairman  of  the  Committee  on  Papers,  I  desire 
to  express  my  personal  appreciation  to  the  author  of  this  paper. 
As  far  as  I  remember,  it  is  the  most  remarkable  paper  presented 
at  any  meeting,  and  it  represents  an  indescribable  amount  of 
work,  and  I  think  we  should  take  special  notice  of  it  on  that 
account.     Then  it  is  notable  in  respect  of  the  contributioii  it 
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makes  to  the  knowloclge  that  we  have  on  the  subjeut  I  consider 
that  one  of  the  special  fimctions  of  iho  Soeioty,  to  ^oiitribut©  tr> 
human  knowledge* 

In  this  connecJitm  I  want  to  bring  out  that  many  of  our 
members  may  havo  knowledge  of  valuablf^  data  or  infonnatimi 
which,  if  the  request  bo  properly  niad<*  to  the  gt^ntlemen  who  i^mtro! 
it,  will  be  permitted  to  be  publiahed  for  tho  benefit  of  tho  pro- 
fession. 

A  Quest. — Some  time  ago  I  had  otscasion  to  go  before  the 
Board  of  Supervising  Inspectors  on  a  subject  which  is  covered  very 
largely  by  this  paper.  The  occasion  for  it  was  that  the 
Board  of  Supervising  Inspectors^  at  one  of  their  meetings,  in 
their  wisdom,  had  made  a  new  nile  designating  the  thickness  of 
flues  in  steam  boilers  coming  under  the  regulations  of  the  marine 
service,  upon  a  formula  which  took  no  cognizanco  of  the  length 
of  flue.  It  was  not  Clark's  formula,  but  I  think  some  formula 
that  had  been  adoT>ted  by  the  British  Lloyds  before  the  Fairbairn 
experiments  had  bi3on  Tneasurod  up.  For  a  year,  under  the  haBty 
action  of  the  Board  of  Supervising  Inspectors,  the  ctmdition  of 
the  work  done  for  marine  praeticc  was  quite  chaotic,  but  wa5 
filially  relieved  tc^  .^ome  extent  by  the  St^crctary  of  the  Treasury 
suspending  the  rule.  Now  I  hojv'  that  thi^  P**r**^*''  ^"^''^  como 
to  the  knowledge  of  tlie  IT,  S<  Board  of  Sup<>rv lining  Inspectors, 
bocauso  th(\v  need  it.  They  neeil  it  now  almost  as  badly  as  they 
did  at  the  time  I  etpeak  of  Through  the  efforts  of  aomo  peraon, 
whose  interests  were  more  largely  concerned  perhaps  than  the 
memlx^rs  of  the  Board  of  Supervising  rnnpectorSj  a  formula  waa 
adopted  wliich  di'l  fnke  cognisance  ef  the  length  of  fluo»  Now, 
I  would  like  to  nsk  for  my  own  iufonnati*m  fr**m  Professor 
Stowjirt,  whether  Ijc  knows*  from  HfJi  exiH^rimenM  Iww  they  com- 
pjire  with  the  existing  fonnnlft  of  the  Board  of  StipctrviMing  In* 
spec  tors. 

IS^ow  as  to  the  matter  of  tho  failure  of  tho  tubea.  The  ejcperi- 
nionts  wouM  seem  to  indicate  that  the  tubes  which  were  iefited  have 
porliaps  ill  rollin^^  been  laid  on  a  stand,  which  tended  to  flatten 
the  tubes  nt  the  particular  points  where  they  were  laid  down, 

I^rofrssor  SfnmrL—l  have  not  madi;  a«  yet  any  such  eompari- 
^im  ns  has  Ikvti  spoken  of;  but  I  am  flatii^fied,  however^  that  plain 
couiuK^rcinl  tubes  in  lengths  of  alK>ut  six  (liameters  are  no  strongier, 
to  nny  practical  extent  at  lojuit,  tliim  similar  tubes  having  lengthfl 
up  to  sjiy  20  for  f  or  mom.     This  J«  clearly  brought  out  in  the 
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photographs  that  I  have  here.  I  have  photographs  of  all  the  tubes 
tested,  and  if  you  will  look  at  them  you  will  see  that  a  long  tube 
is  only  distorted  over  a  small  portion  of  its  length.  Beferring  to 
the  photographs  of  tube  Xo.  50,  Fig.  16,  p.  757  for  example,  it  will 
be  seen  that  the  left-hand  14  feet  of  its  length  has  not  in  any 
way  been  distorted  by  the  test.  We  had  a  very  precise  way  of 
determining  the  distortion  which  is  fully  explained  in  the  paper. 
This  photograph  of  tube  I^o.  50  shows  clearly  that  had  we  cut 
oflF  a  length  of  about  six  diameters  from  the  right-hand  end  of 
this  tube  and  put  it  in  the  testing  apparatus,  that  this  portion  of 
it  would  have  collapsed,  just  as  it  did  when  attached  to  the  14  feet 
that  showed  no  distortion  whatever. 

These  commercial  tubes,  taken  at  random  from  the  company's 
stock,  were,  generally  speaking,  slightly  more  out  of  round  near 
one  end  than  elsewhere  along  their  length.  This  is  clearly  shown 
in  the  body  of  the  paper  (see  Fig.  53).  The  tubes  are  evidently 
weakest  near  one  end  on  the  average,  but  the  results  of  this  weak* 
ening  influence  are  of  no  practical  importance,  not  exceeding  13 
per  cent,  and  averaging  4  per  cent,  for  a  series  of  determinations 
made  for  it. 

It  is  the  practice  of  the  National  Tube  Company,  so  far  as 
I  know,  to  keep  the  tubes  continually  rolling  while  cooling  down, 
so  there  is  no  chance  in  the  regular  operation  of  the  mill  for  a  tube 
to  be  distorted  in  the  manner  suggested  by  the  last  speaker. 

President  Taylor, — Is  there  any  further  discussion?  If  not, 
I  would  like  to  add  to  what  Mr.  Eice  has  said  in  appreciation  of 
Professor  Stewart's  paper.  It  seems  to  me  that  the  scientific  man- 
ner in  which  the  subject  has  been  treated  is  most  worthy  of  com- 
mendation. The  fact  that  the  tubes  experimented  with  were  taken 
at  random  from  the  stock,  adds  very  greatly  in  my  opinion  to 
the  value  of  the  tests.  It  seems  to  me  that  we  should  be  very 
thankful  to  Professor  Stewart  and  to  the  National  Tube  Company 
not  only  for  making  tests  of  that  sort,  but  for  going  to  the 
trouble  of  presenting  them  to  our  Society.  It  is  just  such  papers 
as  this  which  are  of  the  greatest  permanent  interest  not  only  to 
the  members  of  the  Society,  but  to  all  Engineers  the  world  over, 
and  which  gives  our  Society  the  international  standing  which  all 
of  us  who  are  ambitious  for  the  Society  are  anxious  to  bftve  it 
attain. 


JAMES  DREDGE 

Honorary  Member  of  the  Society 

Died  August  15,  1906 
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No.  1117. 

MEMORIAL  NOTICES  OF  MEMBERS  DECEASED 
DURING   THE    TEAM. 

THOilAS    RICHARD    ALMOND. 

Thomas  R.  Almond  was  bora  in  Uppingham,  Rutlandshire, 
England,  in  1846.  He  was  an  inventor  of  remarkable  ability^  and 
as  early  as  twelve  years  of  age  waa  a^varded  a  sj>©cial  pfiZQ  at  a 
London  exhibition  for  a  model  working  ^leiim  ongiiie  involving 
an  original  and  meritorious  valve  gear, 

lie  came  to  America  in  1S6G  and  ostuMislied  himself  as  a 
machinist  at  Fitchburg,  Mass. 

In  1875  he  removed  Ins  business  to  Bnxiklyn,  N,  Y,,  where  it 
has  grown  tp  large  proportions  dcveh>ping  engineering  specialties 
under  the  Almond  paJc^ata*  Principal  among  these  are  thoa^ 
for  the  Almond  chuck,  portable  stove  lamp,  angular  shaft  coupling, 
turret  head  tool,  flexible  metallic  tubing,  tlie  club  skate^  the  Al- 
mond  reaction  engine,  etc.  lie  hm  twice  received  llie  John  Scott 
medal  awarded  by  the  Franklin  Injatituto  for  mcritorioui  in- 
ventions. 

lie  was  a  charter  and  life  member  of  the  A,  S.  M.  E. ;  waa 
actively  interested  in  the  work  of  the  Society,  and  oontribnted 
nnniorons  articles  to  the  Transactions. 

At  the  time  of  his  death  on  March  iilst^  at  hia  homo  on  Dun- 
widdie  Heights,  Yonkers,  Mn  Almond  was  a  member  of  tlie  IIoudQ 
Committee. 

EDMUKD  BURY. 


Mr,  Ihiry  was  born  at  Ovor  Darwen^  ni»ar  Blackburn,  England, 
June  5,  18()8.  lie  camu  to  this  eoDntry  when  a  boy,  imd  ^arly  in 
life  started  w^ork  as  an  apprentice  at  Uie  «hop»  of  the  Whipple  Mfg. 
Company  at  Cleveland,  Oliio.  This  plant  later  biinied  down,  and 
he  completed  his  appr<  uticeship  in  the  Erie  ifaopt.  He  devoted 
his  evenings  to  studyin-  drafting  and  meehanics^  and  after  becom- 
ing a  journeyman  worked  m  a  toolmaker,  deeigner  and  in  exeoutire 
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positions  with  various  tool-building  and  engineering  concerns, 
among  those  being  Pratt  &  Whitney  Co.,  Hartford;  Fraser  & 
Chalmers,  Chicago,  and  the  IngersoU-Sergeant  Drill  Co.,  Easton, 
Pa.  He  acquired  a  broad  experience  in  matters  pertaining  to  the 
shop  and  drawing-room  and  developed  into  a  mechanic  of  marked 
ability,  becoming  in  turn  a  skillful  toolmaker,  an  able  designer  and 
a  practical  and  conscientious  director  of  shop  operations. 

For  four  years  he  was  at  the  head  of  the  tool  and  hardening  de- 
partments of  the  IngersoU-Sergeant  shops  at  Easton,  and  in  that 
capacity  devised  many  special  machines  and  appliances  for  the 
economical  production  of  rock  drill  and  compressor  parts.  In  1901 
he  formed  a  partnership  with  James  Herron  of  Erie,  and  a  plant 
was  erected  at  Erie  for  the  manufacture  of  air  compressors  known 
as  the  Bury  Compressor  Co.,  of  which  Mr.  Bury  was  president  up 
to  the  time  of  his  death,  March  2,  1906. 

LOUIS   GASSIER. 

Mr.  Cassier  was  bom  at  Boston  in  1862,  and  immediately  after 
leaving  school  began  work  in  that  city,  in  the  advertising  depart- 
ment of  one  of  the  daily  newspapers.  This  he  continued  until,  late 
in  the  eighties,  ho  went  to  New  York,  and  there  engaged  in  mis- 
cellaneous advertising  work,  principally  in  connection  witli  the 
American  edition  of  the  London  Illustrated  News. 

Though  not  an  engineer,  engineering  appealed  to  him  as-  a  field 
for  publishing  exploitation — exploitation  of  a  new  kind  with 
hitherto  untried  methods,  and  the  result,  after  a  comparatively 
brief  period  of  planning,  was  the  first  number  of  the  magazine 
bearing  his  name — a  magazine  of  illustrated  engineering,  intended 
to  deal  with  steam,  electricity,  and  power.  This  was  in  November, 
1891  and  in  the  fall  of  1894  a  London  edition  of  the  magazine  was 
started. 

Late  in  1903  Mr.  Cassier  purchased  The  Electrical  Age,  a  peri- 
odical of  many  years  standing.  The  Cassier  Magazine  Company 
had  meanwhile  been  formed  with  The  Electrical  Age  Company  as  a 
subsidiary  organization,  and  with  Mr.  Cassier  as  president  of  both, 
and  under  this  new  ownership  Th^  Electrical  Age  started  out  on  a 
new  career  in  1904.  An  English  edition  also  of  The  Electrical 
Age,  with  offices  in  London,  was  projected  when  death  overtook 
him  in  the  railway  disaster  on  the  London  and  Southwestern  Rail- 
way, on  July  1st    Speeding  from  Plymouth  to  London,  the  fast 
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night  express,  which  carried  mails  and  passengerB  from  the  Amer- 
ican Line  steamship  New  York,  left  the  rails  near  Salisbury. 
Twenty-three  of  the  passengers  were  killed  and  many  othera  ia- 
jured. 

He  was  an  associate  member  of  the  American  Soeiety  of  Mechan- 
ical Engineers  and  of  the  American  Institute  of  Electrical  Engi- 
neers, and  a  member  of  the  Iron  and  Steel  Institute  of  Great 
Britain. 

GEORGE   WILUAM   CATT. 


Mr.  Catt  was  bom  at  Davenportj  Iowa,  March  9,  18  GO*  He 
received  his  technical  education  at  Iowa  State  College  of  Agricul- 
ture and  Mechanic  Arts,  graduating  with  the  degree  of  B,0-E,  in 
1882.  During  the  period  1885-1887  he  was  engineer  with  Kings 
Bridge  Company,  Cleveland;  1887-189(i,  vice-president  and  chief 
engineer  San  Francisco  Bridge  Company.  While  with  the  latter 
company  he  built  several  large  structuroa  on  the  Pacific  Coast,  not- 
ably a  combination  tliree-hinged  arch  of  340'ft  spaa  aeroae  the 
Eraser  Kiver  at  Lillooetj  B.  0. 

In  1890-91  the  Great  Northern  and  other  railroads  became  activn 
in  completing  their  lines  in  the  Northwest,  and  much  of  the  bridgi} 
and  trestle  work  on  the  lines  in  the  State  of  Washington  was  built 
under  Mr.  Catt's  direction.  Daring  this  busy  period  of  bis  career, 
he  constructed  in  one  year  fourteen  miles  of  railroad  treatle,  one- 
lialf  mile  of  railroad  trues  bridges  and  about  one-quarter  of  a  mil© 
of  highway  bridges. 

In  1893  he  organi^^oil  and  became  pnisidcnt  and  chief  engineer 
of  the  New  York  Dredging  Compimy,  which  engaged  xn  numeroug 
harbor  improvements  for  the  United  Stateii  Government  and  for 
j)rivate  parties  along  the  AtUintic  Gulf  coasts,  inehtdlng  a  ship 
canal  seven  miles  long  itt  Hjibine  Pass,  Texas*  Mr,  Catt  was  largely 
instrumental  in  improv  ing  machines  and  mcthodj*  and  maMngOQlD- 
mercially  successful  Iho  hydraulic  tyiiem  of  dredging  now  in  use. 
In  1899  he  resigned  and  organized  tho  Atlantic*  Gulf  and  Pacific 
Company,  an  associatiun  of  eogincers  and  contractorHj  of  which 
he  was  president  and  t'hief  engineer  till  his  death  Oct  8,  1905. 

Mr.  Catt  was  one  of  the  founders,  in  1892,  of  the  North waatefm 
Society  of  Engineers,  at  Seattle,  and  wa«  its  fir*t  president  II© 
was  a  member  of  th(^  American  Society  of  Civil  Enpnoerg,  and 
of  the  Institution  of  Civil  Enginaers  of  Great  Britain. 
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JAMKS   DREDGE. 

Mr.  Dredge  was  bom  in  Bath,  England,  July  29,  1840.  His 
early  training  was  in  bridge  engineering  with  his  elder  brother 
William  and  also  with  his  father. 

From  1858  to  1861  Mr.  Dredge  was  in  the  office  of  D.  K  Clark. 
In  1862  he  entered  the  office  of  Sir  Jno.  Fowler  and  remained 
there  for  three  years,  being  for  the  most  part  engaged  in  the 
Metropolitan  Kailway  System,  side  by  side  with  Sir  Benj.  Baker. 
In  1870,  upon  the  death  of  5ferah  Colbum,  Mr.  Dredge,  in  as- 
sociation with  Mr.  William  H.  Maw  and  Mr.  Aleyander  T. 
llollingsworth  took  up  the  publication  of  Engineering,  which  Mr. 
Colbum  had  started  in  1866,  and  it  was  in  this  publication  his 
Krst  writings  appeared. 

In  addition  to  the  editing  of  Engineering,  Mr.  Dredge  and  Mr. 
Maw  jointly  wrote  "  Koad  and  Railway  Bridges,"  and  in  1873 
issued  the  "  Report  of  the  Vienna  Exposition."  Some  of  Mr. 
Dredge's  later  works  are  "  History  of  the  Pennsylvania  Railroad," 
in  1877 ;  "  Electric  Illuminations,"  1881 ;  "  Report  of  the  Paris 
Exposition,"  1889,  to  which  he  was  Commissioner;  and,  ^^  Modem 
French  Artillery,"  1891,  for  which  he  received  a  second  decoration 
from  t.lui  French  government.  He  was  also  the  author  of  an 
article  on  "  Gas  Lighting  by  Incandescence,"  and  an  article  on 
Henry  Bessemer,  published  in  "  Transactions." 

The  ^Vmerican  -Society  of  Mechanical  Engineers  made  him  an 
Honorary  ^Ieml>cr  in  1886.  In  1890  he  came  to  America  and 
visited  Chicago.  In  the  spring  of  1891  the  Queen  appointed  the 
Royal  Commission,  consisting  of  the  Council  of  the  Society  of 
Art/S,  of  which  Mr.  Dredge  was  a  member,  and  in  September  of 
that  year  he  came  to  this  country  as  a  Royal  Commissioner,  accom- 
panied by  Sir  Henry  Wood,  secretary  of  the  Commission.  They 
went  to  Chicago  and  made  a  joint  report,  which  resulted  in  new 
and  more  energetic  measures  in  England  to  promote  the  British 
exhibit  there.  The  first  paper  was  read  by  Mr.  Dredge  to  the 
Socic»ty  of  Arts,  December,  1890,  and  resulted  in  the  British  Com- 
mission. The  second  paper  was  read  to  the  same  body  December 
9,  1891.  These  were  followed  by  one  read  January  12,  1892  to 
the  London  Polytechnic. 

Mr.  Dredge  was  a  member  of  the  Savage  Club,  also  of  the  St 
Stephens  and  one  of  the  Council  of  the  Society  of  Arts  and  waa 
also  a  member  of  the  Scandinavian  Club. 
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WnJX4M   R.   FLEMING. 

William  R.  Fleming  was  born  ia  Hftrrisburg,  Pa.,  May  9, 
1862,  and  spent  most  of  Iur  life  in  that  city* 

After  eighteen  months  in  the  works  of  the  TIarrifthurg  Foundry 
and  Machine  Companyj  he  went  to  the  Pmtt  and  Whitney  Oom* 
pjiny  in  Hartford,  (>mn*j  where  ho  learned  the  practical  side  of 
mechanical  engineering* 

After  four  years  Mr,  Fleming  removed  to  New  York  aud  rt*pro- 
sented  the  Harrisburg  Fntnulry  and  Machine  Company,  and  in 
1898  he  was  made  nmna^cr  of  the  company,  and  remained  there 
nntil  within  a  few  months  of  his  death* 

During  his  service  he  made  many  improvements,  and  took  out 
patents  both  on  the  electrical  as  well  as  the  mechanical  featnros  of 
the  Harrisburg  Compan/s  manufacture, 

Mr.  Fleming  was  a  member  of  many  technical  societies  and 
founder  of  the  Engineers*  Club  of  Central  Pennstylvimla. 

He  died  suddenly  of  heart  trouble  in  Washington,  D»  0.,  June 
6,  1906. 

rtKOROE   A.   QRAY. 

George  A.  Oray,  the  fonmler  and  for  many  vc-ars  nre»ident  of 
the  G.  A.  Gray  Compimv,  Cincinnati,  Ohio*  di«d  at  his 
home  in  that  city,  on  June  14,  1905,  Mr.  Gray  was  brim 
in  1839  on  a  farm  in  Tllinois,  and  his*  l>jyhi>Oil  wa.^  hjmhiI 
there.  Later  he  came  to  Cincinnati  and  served  an  apf>rentiee*hip 
with  Miles  Greenwcmd,  deyotinf?  hi*^  atiention  in  th<*  *hidv  of 
mechanics.  In  about  18fifi,  with  Mcj*»r!*.  ^'lordon  nml  fJaff,  hr 
bought  the  machine  UhA  department  of  the  old  **  Nilc^5  Wrirk^*^ 
which  had  been  started  by  a  man  namcfl  Nih*N  ealHTig  the  new 
firm  the  Niles  Tool  Works,  After  ennliiiniiig  in  that  lor'ation  fur 
several  years  the  pla?it  wns  removed  to  TTamilten,  Ohio,  I^atet 
Mr.  Gray  sold  his  int/*r<^!^fs  in  tlie  firm  atid  starhvl  the  inatiiifM«*(itrr« 
of  planers  in  CinciiiTjati,  in  which  bnsinejis  he  ent^tlnijed  until 
last  May,  when  he  retired  from  active  mnnap^nieiit  of  tho  eempmy 
which  bears  his  name. 

Mr.  Graves  mechanical  exnefiVnee  e/kvered  a  wide  fiold,  Ai  a 
younc:  mflri  duriner  the  Civil  War  he  was  en|mg<^  in  Innldini^ 
monitors  for  the  United  Rtatcfl  Government,  and  about  the  same 
time  he  invented  a  mnltiple  firing  gtm. 
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FREDERICK  GRINNELL. 

Frederick  Grinnell  was  bom  at  New  Bedford,  Mass.,  August  14, 
1836,  and  died  in  his  home  town  October  21,  1905. 

In  1852,  after  attending  the  Friends'  School  in  New  Bedford, 
he  entered  the  household  of  his  uncle,  Joseph  Ghrinnell,  of  New 
York,  where  he  prepared  for  Rensselaer  Polytechmc  Institute,  in 
which  he  completed  the  four  years'  course  in  three  years,  gradnatr 
ing  in  1855  at  the  head  of  a  class  of  sixty  students.  After  gradua- 
tion he  became  connected  with  the  Jersey  City  Locomotive  Works, 
and  later  became  the  mechanical  superintendent  of  the  Atlantic  and 
Great  Western  Railway,  in  which  position  he  built  over  one  hun- 
dred locomotives. 

In  1860  he  became  treasurer  and  superintendent  of  the  Corliss 
Steame  Engine  Works  at  Providence,  and  five  years  later  returned 
to  the  Jersey  City  Locomotive  Works  as  general  manager. 

In  1869  he  purchased  a  controlling  interest  in  the  Providence 
Steam  and  Gas  Pipe  Company,  and  about  eight  years  later  obtained 
the  license  to  manufacture  the  Parmelee  Automatic  Sprinkler, 
which  he  improved,  and  introduced  with  great  energy. 

In  1881  ho  invented  the  automatic  sprinkler  which  bears  his 
name. 

In  1892  ho  combined  the  business  of  his  sprinkler  with  that  of 
the  manufacturers  of  leading  devices  of  the  character  and  retained 
the  management  of  the  whole  business  until  his  retirement  shortlj 
before  his  death. 

ISAAC  V.  HOLMES.  ' 

Isaac  V.  Holmes,  a  charter  member  of  the  Society,  was  bom 
Aug.  9,  1885,  in  Jersey  City,  IT.  J.,  and  died  suddenly  of  acute 
heart  disease  April  28,  1906,  at  Wheaton,  HI.  He  was  educated 
at  Pulton  Academy,  Pulton,  "N.  T.,  and  in  1849  became  appren- 
ticed to  the  Novelty  Iron  Works  in  ITew  York  City.  After  serv- 
ing his  time  as  apprentice  he  continued  in  their  employ  as  drafts- 
man until  1853,  when  he  was  given  charge  of  the  designing  and 
erection  of  machinery  for  operatins^  iron  mines  in  the  neighborhood 
of  Port  Henry,  near  Lake  Ohamplain. 

At  the  completion  of  this  work  he  returned  to  the  IN'ovelty 
Works  and  remained  vrith  them  as  a  designer,  and  later  as-  super- 
intendent, until  the  works  were  closed  in  1869.  It  was  under  his 
supervision  that  the  Monitor  was  constructed. 
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Mr.  Holmes  was  appointed  a  member  of  the  United  States  Com* 
mission  for  the  investigation  of  boiler  explosioni*,  of  which  Profea* 
sor  Thurston  was  chairman.  From  IS (59  to  1873  he  was  engineer 
and  superintendent  of  the  John  Casper  Co*^  Mi  Vernonp  Ohio. 

From  that  year  he  devoted  \m  time  to  expert  engineering  work, 
with  offices  at  Cleveland,  Ohio,  and  later  in  Chicago.  His  prin- 
cipal line  of  work  was  the  design  and  construction  of  factory  and 
power  plants,  and  patent  expert  work. 

For  the  last  eight  years  Mr.  Holmes  had  devoted  a  large  share 
of  his  time  to  the  experimental  development  and  final  design  of 
a  new  system  of  feed  water  pnrification^  which  he  waa  bringing 
into  commercial  value  at  the  time  of  his  death. 


JOHN   CHRISTIAN   KAFER, 

Passed  Assistant  Engineer  John  Christian  Kafer,  IT,  S.  N.,  re- 
tired, died  in  Trenton,  N.  J,,  March  ZO,  He  was  horn  in  Tren* 
ton,  N.  J.,  Dec.  2Y,  1S42.  The  outbreak  of  the  Civil  War  found 
Mr.  Kafer  in  the  prosecution  of  engineering  studies  and  ^vorkj 
and  in  January,  1803,  he  was  appointctd  third  assiiitaut  enpfiiu^er 
in  the  Navy.  On  the  tJ*  S.  S.  Mackinaw  ho  servod  tlirough  the 
campaign  on  the  James  River  and  in  the  first  attack  on  Fort 
Fisher. 

On  the  morning  of  President  Lincoln's  death  Mr.  Kafer  siailed 
for  the  Mediterranean  on  the  old  IX  S,  S,  Kearmrgej  whoaa  execu- 
tive officer  was  Lieutenant-Commander  George  Dewey.  During 
the  term  of  Commodore  Loring  ai  enginecr-in-chief  of  the  Navy, 
Air.  Kafer,  an  old  shipmate,  becamo  hit;  principal  assiistaiit  and 
served  in  a  similar  capacity  under  Engineer-in-Chief  Melville.  He 
taught  at  the  Naval  Academy  from  1S6S  io  1874  and  from  1875 
to  LSS2,  and  wa?!  retiretl  June  IH^  1888,  for  di.sability  incideot  to 
the  service.  In  18S5  bo  declined  the  profeaaorahip  of  mechanical 
engineering  at  Cornell  Univeraityj  and  a  little  later  be  became 
associated  with  the  Morgan  Iron  Works  of  New  York  City, 
serving  as  vicepregidentj  ftuperin  ten  dent,  Bearetary  and  treas* 
urcr.  ITc  then  became  connected  with  the  Qointard  Iron  Worka, 
and  within  the  Umt  month  bad  organized  the  consulting  firm 
of  Kafer,  ^lattice  and  Warrt^n*  Mr,  Kafer  wa«  one  of  the 
most  active^  mend)eri*  of  the  Engtuecr*'  Olwh,  was  president  from 
1901  to  ^'M)\,  and  had  been  for  many  years  one  of  the  Board  of 
Governors.     lie  also  served  as  a  member  of  the  Council  of  the 
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American  Society  of  Mechanical  Engineers,  of  which  he  had  also 
been  vice-president  He  was  the  senior  American  member  of  the 
Institution  of  Naval  Architects  of  Great  Britain,  a  member  of  the 
American  Society  of  Naval  Engineers,  and  the  Society  of  Kaval 
Architects  and  Marine  Engineers.  He  was  treasurer  of  the  Build- 
ing Committee  of  the  United  Knginoering  Building  at  the  time  of 
his  doath. 

JAMES   11.    F.   KKLLY. 

James  K.  F.  Kelly  was  bom  in  Greonock,  Scotland,  on  March 
14,  1844. 

Ko  was  an  apprentice  in  the  machine  shop  at  the  Greonook  Foirn* 
dry  Co.  for  two  years,  and  for  three  years  in  drawing  room. 

From  18G5-18G8  he  was  with  the  Novelty  Iron  Works  of  Kew 
York  City  in  their  drawing  room,  and  was  draftsman  and  meohan- 
ieal  engineer  for  the  U.  S.  Engineer  Corps,  in  charge  of  the  im- 
provement of  the  East  Eiver  and  Hell  Gate  for  ten  years,  and  witt 
the  U.  S.  Electric  Lighting  Company  of  New  York  1878-1880. 

From  1882-1894  Mr.  Kelly  was  connected  with  the  firm  of 
Joseph  Edwards  &  Co.,  engineers  and  machinists  of  New  York 
City,  as  partner  and  general  manager. 

At  the  time  of  joining  the  Society,  in  June,  1895,  and  up  to  1897 
lie  was  connected  with  the  firm  of  James  E.  F.  Kelly  &  Co.  From 
1S97  to  May  1,  1905,  he  was  associated  with  Mr.  W.  D.  Eell^, 
Mem.  Am.  See.  C.  E.,  in  the  firm  of  Kelly  and  Kelley,  Engineers 
and  Contractors. 

May  1,  1905,  to  the  time  of  his  death,  on  December  11,  1905, 
he  was  president  of  Kelly  and  Kelley  (Incorporated),  Epgineers, 
Buil^i'Ts  and  Contractors,  45  E.  Forty-secon-^.  Strewt^  Kew  York 
City. 

ALBERT   P.   LOSGHER. 

Albert  P.  Loscher  left  Leipsic,  Germany,  when  under  Hi-gtftffnt 
He  travelled  through  Switzerland,  Belgium  and  France,  finally 
reaching  London,  England,  before  he  was  seventeen.  He  beeame 
manager  of  A.  Pittler's  showroom,  High  Holbom,  before  he 
was  twenty.  (This  Pittler  was  patentee  of  automatic  latheg, 
which  bear  his  name.)  In  1902  he  became  works  manager 
to  W.  H.  Bailey  &  Co.  (Ltd.),  Hydraulic  Engines,  Man- 
chester; resigned  on  account  of  his  health.  He  then  took  a 
position  as  tool  expert  with  T\w  Xational  Gas  Engine  Co.,  but  Us 
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health  caused  him  to  resign  again,  and  journey  farther  Weat  to 
get  relief.  His  new  position  was  as  feed  and  speed  expert,  West- 
inghouse  Machine  Co.,  East  Pittsburgh*  He  resigned  May,  1904, 
and  went  to  Denver  for  some  mouths*  On  returning  to  Pittsburgh 
he  acted  for  some  time  as  tool  specialist  to  The  H.  K.  Porter  Oo-, 
hut  resigned  from  their  service  February,  1905,  and  left  for  Loa 
Angeles  March  1,  1905,  Here  he  formed  a  partnership  to  manu- 
facture gasoline  engines.    He  died  June  11 ,  1905* 

ALEXANDER  C5AMPBELL  McCALLUM. 

Alexander  Campbell  McCalluai  died  Septembor  23^  1005,  at 
Pasadena,  Cal.  He  was  bom  in  Gla&goWj  Scotland,  May  16, 1867* 
He  began  his  mechanical  work  as  an  apprentice  in  18S1  with  W, 
B.  Thompson  Co.,  shipbuilders  in  his  native  city.  He  sc^eurcd 
drawing  room  and  further  shop  experience  witli  the  Chas*  Oonnal 
Co.,  Fairfield  Shipbuilding  Co.,  Singer  Sewing  Muehine  Co,  and 
the  Hyde  Park  Locomotive  Works,  He  spent  the  year  1 887  at  ma 
on  board  a  City  Line  steamer  from  Glasgow  to  Calcutta,  He  ro* 
ceived  the  diploma  in  Naval  Architecture  from  Kensington  Schools^ 
London,  England.  In  May,  IBSSj  he  emigrated  to  Cnnada  and  eJi- 
tered  the  employ  of  the  Wm,  Hamilton  Mfg*  Co.  of  Peterborough 
as  draftsman,  and  remained  with  that  concern  for  fourteen  years  aa 
their  works  engineer,  then  in  charge  of  their  drafting  department, 
and  in  charge  of  erect  ion  of  outside  work  since  1803.  A  few  months 
before  his  death  he  entered  the  employ  of  the  Canada  Fovmdry  Co., 
in  charge  of  the  drafting  room,  and  later  U^'ame  asiniiittant  super- 
intendent. In  1888' 1892  ho  wa»  instructor  in  Mechanical  Engi* 
neering,  Mechanics'  Institute  of  Poterlx)rtHigh.  He  was  an  Amo* 
ciated  Member  of  the  Canadian  Society  of  Civil  Engineers, 


FRANK   8*   MEAB. 

Mr.  Mead  was  born  May  17,  1845,  at  Tiverton  Pour  Comers, 
R.  I.  He  was  educated  at  the  old  Lyona  school  on  College  Hill  in 
Providence.  He  enli.^ted  with  the  Tenth  Rhode  Island  Voluntoart 
and  served  until  the  regiment  was  muBtered  out. 

Returning  to  Providence,  he  en  tared  into  businosfl  with  his  father, 
Lewis  P.  Mead,  in  the  Cove  Foundry  and  Machine  Con»pany  and 
L.  P.  Mead  &  Co.  After  being  assomated  with  his  father  a  few 
years  he  engaged  in  the  stove  business  in  OmabEi  Keb,     Ho  ro- 
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turned  to  Providence  in  the  early  ^80s,  when  insulated  wire  was  in 
its  infancy,  inventing  a  number  of  machines  for  this  line  of  work. 

He  became  associated  with  the  late  Eugene  F.  PhiUips,  the 
founder  of  the  present  American  Electrical  Works,  and  was  the 
manager  of  the  Eugene  F.  Phillips  Electrical  Works  in  Montreal, 
Canada,  for  a  period  of  ten  years. 

He  returned  to  Providence  for  the  manufacture  of  the  Mead 
gas  engine,  but  did  not  continue  in  this  line  of  business  long,  as  he 
re-entered  the  employ  of  Mr.  Phillips.  At  the  time  of  his  death. 
May  18,  1906,  Mr.  Mead  was  superintendent  of  the  Auburn  plant 
of  the  Washburn  Wire  Company. 

J.  VAUGHAN  MERRICK. 

J.  Vauglian  Merrick,  bom  August  30,  1828,  in  Philadelphia, 
died  March  28,  190G,  was  the  son  of  Samuel  Vaughan  Merrick, 
who  was  the  founder  of  the  Southwark  Foundry  and  Machine  Co., 
The  Franklin  Institute,  and  the  first  president  of  the  Pennsylvania 
Railroad  Co. 

After  his  graduation  from  the  Philadelphia  High  School  he 
entered  the  works  of  Merrick  &  Towne  (the  original  firm  name  of 
the  "  Southwark  Foimdry  ")  as  an  apprentice,  and  went  through 
f he  various  mechanical  departments.  In  1 849  he  became  the  head 
of  the  firm  of  Merrick  &  Sons,  the  successors  of  Merrick  &  Towne. 

For  the  following  twenty  years  his  energies  were  devoted  to  the 
development  of  the  "  Southwark  Foundry."  During  the  Civil 
War  the  Foimdry  did  work  for  the  Government,  and  Mr.  Merrick 
devoted  his  personal  services  to  this  part  of  the  business. 

He  was  selected  by  the  ISTavy  Department  in  1862  as  a  member 
of  the  board  of  experts  to  report  on  naval  machinery. 

He  designed  and  built  much  of  the  machinery  for  the  fol- 
lowing naval  vessels:  San  Jacinto,  Waiash,  YanHc,  New  Iranr 
sldrs,  Wyotninf/  and  Yazoo,  The  new  Ironsides  was  one  of  the 
first  of  our  ironclads.  Until  his  death  Mr.  Merrick  was  a  member 
of  the  board  of  the  company,  the  title  of  which  is  now  "  South- 
wark Foundry  and  Machine  Co." 

In  1833  ^Iv.  Merrick  was  appointed  a  member  of  the  board  of 
experts  to  look  into  the  best  manner  of  improving  the  water  supply 
for  Philadelphia. 

In  1870,  owing  to  impaired  health,  he  retired  from  active  boai- 
ness  and  devoted  his  remaining  years  largely  to  philanthropic 
work. 
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In  1873  he  was  instrumental  in  founding  St.  Timothy's  Work- 
ing  Men's  Club  and  Institute,  Roxborough,  which  still  exists, 

He  and  his  wife  founded  St.  Timothy's  Hospital  and  Hoiiae  of 
Mercy,  giving  the  land  and  its  original  buildings,  together  with 
a  substantial  endowment  for  its  support^  and  ho  labored  hard  and 
continuously  for  it  until  his  death. 

The  following  list  of  positions  filled  by  Mr*  Merrick  will  give 
some  idea  of  his  energy: 

Trustee  of  the  Episcopal  Academy  from  1874  to  1868, 

Trustee  of  the  University  of  Pennsylvania  since  1870,  and  was 
senior  trustee  at  his  death*  Member  of  Oommittee  on  University 
and  Chairman  of  the  Standing  Committee  on  "Department  of 
College  and  Philosophy/' 

Member  of  Board  of  Maiuigers  of  the  Episcopal  Hosijital  and 
Chairman  of  the  Building  Committee  from  1876  to  1900. 

Incorporator  of  the  "  Wagner  Free  Institute  of  Science,*'  in 
1864.    Trustee  from  1885  to  1894* 

Director  of  the  Zoological  Society  since  its  origin,  and  Vice- 
President  since  1886. 

For  over  thirty  years  Director  of  the  '*  Society  for  the  Relief  of 
Widows  and  Orphans  of  Deceased  Clergy'  of  the  P*  E*  Church/' 

One  of  the  founders  of  the  "  Free  and  OfK^n  Cliurch  Asnocia- 
tions,"  and  President  of  same  since  its  origin  in  1873. 

At  the  University  Day  exercises,  held  on  February  2 2d,  1006^ 
the  Trustees  of  the  University  of  Pennsylvania  conferred  the  hon- 
orary degree  of  Doctor  of  Science  upon  Mr,  Merrick. 

He  was  also  a  member  of  the  Ifnion  Lcagucj  Penn  and  Phila- 
delphia Clubs  of  Pliiiaddphia. 

Mr.  Merrick  joined  the  Soeiety  in  May,  1881,  and  was  Vice* 
Prpsidont  in  1«83-l8Sn. 

MAX   UOWAKD   MlNlilK. 


Max  II.  Miner,  n  member  of  the  editorial  utalT  of  The  liaiiwivj 
Age,  was  taken  ill  suddenly  on  Octoher  81  while  at  hia  desk  in  the 
New  York  Office,  and  died  at  noon  Tuesday,  November  7th,  1M5. 
Mr.  ^liner  was  twentynino  years  of  age,  having  been  l>om  at 
Cliarlcniont,  ^fass.,  on  August  25,  1870,  After  the  usual  high 
sc'liool  course  he  atreuded  Cornell  University,  and  graduated  from 
Sihlfv  College  with  the  claaa  of  1899.  lie  served  aa  special  ap- 
pronlico  for  one  year  in  the  shops  of  the  Illinois  Central  IL  R  at 
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OhicagO;  after  which  he  returned  in  January,  1901,  to  Cornell  as 
Instructor  in  Experimental  Engineering.  In  December,  1901^ 
he  joined  the  staflF  of  The  Railway  Age. 


CHARLES   C.   NEWTON. 

Charles  C.  Newton,  President  and  Treasurer  of  the  Newton 
Machine  Tool  Works  (Incor.),  Philadelphia,  died  at  Bremen, 
Germany,  on  June  13,  ]00G.  He  had  gone  to  Europe  .to  seek  re- 
lief at  the  baths  at  Bad-Nauheim,  Germany,  but  was  too  ill  to 
continue  his  journey  after  his  arrival  at  Bremen,  nine  days  pre- 
vious. 

Mr.  Newton  was  bom  February  9,  1846,  at  Cambridge,  Wash- 
ington County,  N.  Y.,  and  at  the  age  of  nineteen  he  indentured 
himself  as  apprentice  to  the  Brooks  Locomotive  Works,  at  Dun- 
kirk, N.  Y.,  spending  most  of  his  time  in  the  tool  room,  where  the 
foundation  of  his  successful  after  career  was  laid.  After  serving 
his  apprenticeship,  and  working  in  various  shops,  Mr.  Newton 
returned  to  Dunkirk  in  1875,  and,  in  partnership  with  Mr.  J.  D. 
Cox,  manufactured  twist  drills,  reamers,  cutters,  etc,  removing 
to  Cleveland,  Ohio,  in  1876,  to  broaden  the  scope  of  their  work, 
which  had  largely  increased,  operating  under  the  firm  name  of 
Newton  and  Cox.  In  1880  Mr.  Newton  sold  out  his  interest  to 
Mr.  Cox,  who  formed  out  of  the  old  firm  the  Cleveland  Twist  DriU 
Company. 

Eemoving  to  Philadelphia,  Mr.  Newton  laid  the  foundation  for 
the  present  Newton  Machine  Tool  Works  (Incor.),  in  a  little  shop 
at  No.  2341  Callowhill  Street,  with  only  himself  and  an  assistant 
as  the  working  force.  In  this  shop  he  designed  the  first  heavy  rail- 
road tools.  As  the  demand  grew  for  his  various  designs,  he  was 
forced  to  seek  larger  quarters.  In  the  fall  of  1886,  he  boilt  a 
new  shop  at  the  comer  of  Twenty-fourth  and  Wood  Streets, 
and  there  designed  machines  for  sawing  metal  cold,  and  also 
a  large  number  of  new  tools,  for  which  he  took  out  patents. 
Mr.  Newton  built  in  August,  1895,  the  first  part  of  the  present 
Shop  on  the  corner  of  Twenty-fourth  and  Vine  Streets,  which  has 
since  been  increased  to  take  in  the  entire  square  bounded  bj 
Twenty-third,  Twenty-fourth,  Vine  and  Wood  Streets. 

Mr.  Newton  was  the  sole  proprietor  of  the  works  until  Jtdy  14^ 
1897,  when  articles  of  incorporation  were  taken  out.     The  oor- 
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poration  title  was  the  Newton  Machine  Tool  Warks  (^cor,),  with 
Mr.  Newton  as  president  and  treasurer, 

EIKAM    PEAESON. 

Hiram  Pearoon  wa&  bum  in  Scranton,  Pa.,  September  22,  1862^ 
and  after  passing  through  the  oommon  schools  of  that  city  was 
apprenticed  to  the  Laekawaima  Iron  aud  Steel  Company  at  Scran- 
ton,  from  1879  to  1883. 

For  the  next  five  years  he  was  in  the  aarvice  of  the  Dickson 
Manufacturing  Oompany,  and  from  188S  to  18U4  was  general 
foreman  of  the  Boies  Steel  Wheel  Company ;  from  the  latter  date 
to  the  time  of  his  deaths  May  4,  1006,  he  was  with  the  Genera) 
Electric  Company,  passing  through  the  drawing  room  *aiid  office 
of  operating  engineer  to  the  position  of  chief  engineer  of  the 
power  plant  of  the  Sclieneetady  Works, 

Mr.  Pearson  was  a  inembt^r  of  a  number  of  fraternal  organi]^* 
tions,  and  was  buried  witli  Ahusonic  honors. 

ALBERT   J.    PITKJN. 

Albert  J.  Pitkin  was  txjm  at  Northampton,  Ohio,  in  1854,  and 
died  at  his  home,  in  New  York  City,  on  November  16,  lt)06»  At 
the  age  of  seventeen  he  entered  the  apprenticeehip  of  the  Station- 
ary Engine  Works  of  I  lie  Webster,  (Jamp  and  Lane  Machine  Com- 
pany of  Akron,  Ohio,  lie  then  spent  a  year  in  the  locomotiva 
repair  shops  of  the  Cleveland,  Akron  and  Columbun  Railroad,  after 
which  he  entered  the  drawing  office  of  the  Baldwin  Looomotivo 
Works.  After  five  years  at  the  Baldwin  Worka  ho  became  chief 
draftsman  of  the  Rhode  Island  Ijocomotiv©  Workst,  and  two 
years  later,  in  1882,  was  appointed  mechanical  engineer  of  tbd 
Schenectady  Locomotiv  e  Works*  Two  ymrs  later  he  became  super- 
intendent. lIi)on  the  death  of  the  president,  Mr,  Edward  Ellis, 
Mr.  Pitkin  was  mad<'  vice  prci^i dent  and  general  manager,  and 
from  that  time  develop<.'d  the  commercial  aa  well  as  the  roamifie* 
taring  features  of  the  f^us^ineas  winch  gave  i\mm  worbi  their  high 
standing  among  the  hK!onKUive  building  companies  of  the  world. 
Upon  the  formation  of  the  American  Locomotive  Company,  Mr. 
Pitkin  became  its  first  vice-president,  and  upon  the  death  of  Mr. 
(Jjilhiway  in  June,  liM)4j  Mr.  Pitkin  wafl  elecUni  preaident  He 
was  a  most  generous,  piinsiderate  employer,  and  was  itinoerely  in- 
terested in  the  welfam  of  tlie  great  army  of  men  under  him.    H© 
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realized  the  vital  relationship  between  the  locomotive  and  hmnan 
welfare,  and  one  of  his  greatest  pleasures  was  found  in  his  devo- 
tion to  its  development  and  improvement. 

Mr.  Pitkin  had  been  a  member  of  the  Society  since  1882. 

HERMAN   POOLE. 

Herman  Poole  was  bom  in  Eoxbury,  Mass.,  March  9,  1849. 
He  was  graduated  from  the  public  schools  of  Boston,  and  at  the 
age  of  sixteen  entered  the  Massachusetts  Institute  of  Technology, 
where  he  remained  a  year.  He  also  passed  one  year  at  Cornell 
University. 

In  1869  and  1870  he  served  an  apprenticeship  with  Kent  and 
Williams,  and  in  1885  gained  a  shop  experience  with  Stevenson's 
Boiler  Works,  Ontario,  and  was  also  chief  chemist  and  in  charge 
of  construction  of  the  Alpha  Oil  Gas  and  Mining  Company,  and 
during  1887-1891  chief  chemist  of  the  Casselle  Chemical  Company 
of  Cleveland.  I^ater  Mr.  Poole  was  in  charge  of  construction  of 
the  plant  of  the  International  Phosphate  Company,  and  from  then 
to  the  time  of  his  death,  February  6,  1906,  in  general  chemical 
work  and  construction. 

He  was  the  author  of  several  works  on  calorimetry,  one  of  his 
best  known  works  being  "  Calorific  Value  of  Fuels. '^ 

He  was  a  member  of  the  American  Institute  of  Mining  Engi- 
neers, American  Chemical  Society  and  the  Electro-Chemical 
Society. 

JOHN   FRANKLIN   SEAVEY. 

Mr.  Seavey  was  born  in  (.'liarlt'stowii,  Mass.,  on  September  27, 
1865. 

His  early  education  was  secured  in  that  city  and  after  grad- 
uation from  the  Charlestown  High  School,  entered  the  Massaohn- 
setts  Institute  of  Technology  from  which  he  received  his  degree 
in  1886. 

Immediately  afterward  he  cntx^red  the  City  Engineer's  office  of 
the  City  of  Lowell,  Mass.,  and  remained  five  years,  1886-1891, 
then  four  years  as  mechanical  engineer  with  the  Ludlow  Manu- 
facturing Company ;  then  a  year  as  inspector  with  the  New  York 
Mutual  Fire  Insurance  Company ;  then  for  two  years  with  Qeorgd 
S.  Rice  and  George  E.  Evans,  civil  and  hydraulic  engineerSy  and 
for  five  years  witli  tlie  American  Steel  and  Wire  Company  of 
Worcester,  Mass. 
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At  the  time  of  his  death,  Janiiarjr  14,  1906>  in  South  Bethlehem, 
Mr.  Seavey  was  assistant  chief  engineer  of  the  Bethlehem  Steel 
Company. 

T.   JACKSON   BHAW. 

T.  Jackson  Shaw  died  July  18,  1M5,  and  waft  buried  at  Wil* 
mington,  Del.  He  was  bom  at  Wilmington  on  July  34,  1853.  Hii 
education  was  received  in  the  hiijh  school  at  Norrist^iwn,  Pa.j  after 
which  he  served  an  apprentieeship  at  the  pattern  making  trade  in 
the  marine  engine  building  &hops  of  Wood,  Dialogue  &  Co.^  Cam- 
den,  N".  J.,  after  which  he  was  transferred  to  the  machine  shop, 
and  then  to  the  drafting  room.  Ilis  work  eonsistjed  of  the  dusign 
of  marine  engines,  machinery,  etc.,  aa  well  as  steamship  hull  eon' 
struction. 

At  the  time  of  joining  the  Society,  at  its  Naahvillfi  meeting,  tn 
May,  1888,  Mr.  Shaw  was  Gksneral  Superintendent  with  the  Har- 
lan and  IIol  lings  worth  Company  of  Wilmington,  DeL 

Ho  went  to  Wihniugton  in  1870,  and  in  that  year  designed  the 
first  compound  engine  constrnotcd  by  the  Harlan  and  HollingS' 
worth  Company,  bfing  for  the  ftteaniwljip  Decatur  //,  MUler^  of 
the  Merchants'  and  Miners'  Line,  Afr.  Sliaw  was  a  director  of 
the  above  company  for  a  numl>or  nf  yeara,  and  in  1!>01  wm  olr^tad 
vice-president,  whirh  office  he  held  until  February,  lOOfi^  when 
he  resigned  on  account  of  continued  ill-heaUh. 

GEOHQE  V,  BWAT. 

George  V.  Sloat  died  February  14,  3006*  Ho  was  born  on 
January  11,  1827.  Entering  upon  his  appraQtioeibip  in  1844  in 
fli(»  T\f organ  Iron  Works,  New  York  City^  he  remained  there  n\x 
years,  and  then  be<^anio  Becond  assisUnt  engineer  on  the  gt»?amer 
Ncir  Orleans,  After  two  yeorfl  he  nitumed  U}  the  Morgan  tma 
Wc^rks.  Later  he  b<?came  chief  engineer  of  the  Roanokf,  which 
ran  between  New  York  and  Uiehmond,  and  was  wftttrwarda  trutii* 
fcM-rod  as  chief  engineer  to  the  Jamcdotfm  of  the  J^ame  line. 

At  the  breaking  out  of  the  Civil  War  the  Jamesiown  waa  seized 
by  the  authoritien  at  Richmond  and  Mr.  Sloat  with  the  csrew 
came  to  New  York,  where  he  entered  the  government  serri^^  and 
was  (1(  tailed  as  engineer  to  ttiO  United  Statf*^  gunhoat  Augusts, 
He  saw  considerable  florvieo  at  Hampton  Koadi  and  Port  Royal, 
and  took  part  in  the  capture  of  Hilton  Head^  Temporary  ill  health 
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made  it  necessary  for  Mr.  Sloat  to  resign  his  commiesion.  After 
his  recovery  he  became  engineer  of  the  steamship  Oolden  Rule. 

Immediately  after  the  close  of  the  war  Mr.  Sloat  entered  the 
service  of  the  Old  Dominion  Steamship  Company,  New  York,  and 
was  chief  engineer  of  a  number  of  the  earlier  vessels  of  this  line 
running  between  New  York  and  Richmond.  During  the  time  that 
he  was  employed  in  this  capacity  he  gained  the  experience  as 
superintending  engineer  of  the  Old  Dominion  Company,  which 
position  he  assumed  in  1871,  and  from  this  date  up  to  his  retire- 
ment from  the  company's  service  fifteen  seagoing  steamers  and 
twenty  inland  steamers  were  built  for  the  company  under  Mr. 
Sloat's  direct  supervision. 

At  the  age  of  73  Mr.  Sloat  resigned  his  position  with  the  Old 
Dominion  Company  and  retired  from  active  professional  life. 

He  had  been  a  member  of  our  Society  since  1892. 

THOMAS  GARDNER  SMITH. 

Thomas  Gardner  Smith  was  bom  in  Cincinnati,  Ohio,  on  the 
19th  of  March,  1862.  He  was  educated  at  the  public  schools  of 
Cincinnati  and  received  the  degree  of  Mechanical  Engineer  at  the 
Stevens  Institute  of  Technology,  in  1885.  He  was  in  the  ehop  of 
the  Indianapolis  Division  of  the  Pennsylvania  Railroad  the  fol- 
lowing year,  and  then  with  Henry  Warden  in  Philadelphia ;  Qor- 
den  Strobel  and  Laureau,  Philadelphia;  C.  It  Vincent  &  Oo., 
New  York ;  Ball  and  Wood,  New  Jersey ;  Pennsylvania  Bailroad 
at  Indianapolis,  and  from  1892  to  the  time  of  his  deaths  the  20tli 
of  November,   1905,  was  a  consulting  engineer  of  the  city  of 

Cincinnati. 

JOHN  STANTON. 

John  Stantx>n,  one  of  the  most  conspicuous  men  in  the  copper 
industry  in  the  United  States,  died  at  his  residence,  New  York, 
on  Fobmary  28,  1906,  after  a  brief  illness.  Mr.  Stanton  was 
born  iu  Bristol,  Encrland,  February  25,  1830. 

In  1849  he  took  the  position  of  clerk  and  later  of  assistant  man- 
i\fro.T  of  the  "Swedes  Mine"  and  the  Mt.  Pleasant  Mine  near  Dorr, 
N.  J.  In  1852  he  took  up  the  business  of  explorinej  for  and  de- 
veloping copper  deposits,  taking  direction  in  the  field  of  a  variety 
of  operations.  In  1854  he  bought  for  a  New  York  company  the 
Eureka  Mine  at  Ducktown,  Tenn.,  taking  charge  as  general  man- 
ager.   He  erected  its  equipment^  including  a  complete  "w^Tttng 


MEMBERS    DECEASED    D13R1NO    THE    YBAB, 


83B 


plant  of  reverberating  and  cupola  fiimacea ;  and  alao  a  plant  for 
treating  the  oxidized  ores  and  recovering  their  copper  oontenta 
in  the  form  of  cement  copper.  He  assumed  the  general  manage- 
ment of  the  following  companies:  The  Central  Mining  Co,,  in 
1864;  the  Atlantic  Mining  Oo»,  in  1872;  the  Albany  Mining  Co., 
in  1884,  and  the  Wolvering  Mining  Oo<,  in  1890, 

He  was  a  director  in  three  companies  as  well  as  the  Baltie 
Mining  Co.,  the  Locke  Drill  Co*,  the  Michigan  Copper  Mining 
Company,  the  Mohawk  Mining  Co.,  Pha?nix  Consolidated  Copper 
Co.,  and  the  Winona  Copper  Co.  An  approximate  estimate  of 
the  copper  produced  from  tliQ  various  properties  in  which  he  was 
interested  in  an  official  capacity,  at  the  time  of  his  death,  would 
total  close  to  $90,000,000  per  annum. 

On  the  formation  of  the  Copper  Produ<^r&*  Association  of  the 
United  States  in  18r>2,  which  organization  embraced  the  repre- 
sentatives of  all  the  principal  copper  mines,  Mr.  Stanton  was 
chosen  by  common  consent  as  its  executive  officer  and  statistician, 
holding  the  position  until  the  abandonment  of  the  organization. 

lie  was  one  of  the  founders  of  the  New  York  Mining  Stock  Ex- 
change in  1876  and  for  two  years  was  its  pr^ident.  After  that 
he  became  its  treasurer,  w^hich  posidon  he  held  until  his  deatk 
lie  was  also  one  of  the  foimJerSj  and  for  two  years  president,  of 
the  Engineers'  Clul*.  He  was  a  member  of  the  American  Institute 
of  Mining  Engineers,  of  the  Lake  Superior  Mining  lustituto  and 
of  the  North  of  England  Institute  of  Mining  and  Mechanical  En- 
i^iuoors.     Mr.  Stankm  joined  tlie  Society  in  June,  1891. 

JDHM    KDWAKD   STESVEKS, 


John  Ivlwiird  Stevens  was  born  in  SU  Petersburg,  Kussia,  in 
isu;.  Ho  was  educated  at  Croydon  Academy,  England,  and  the 
Mechanics'  Instiliilc,  I^eeda,  Froui  18(U  to  1868  he  was  appren- 
liched  at  machinery  coiu^tnietimi  with  P.  Fairbanks  &  Company, 
Leeds.  Towards  ttie  m>mp)etion  of  his  apprenticeship  he  had 
charge  of  oroctiiii^^  gangH  and  erection  of  extcinsive  syntems  of 
machinery  and  mills.  From  1872-1876  bo  was  ongineer  and 
manager  of  Narva  Flax  Mills  in  Hus^ia.  He  here  prepared  com- 
plete plans  for  nmv  milla,  including  tlie  imtaltution  of  water 
power;  also  complete  plans  for  the  iron  eonstruction  for  execu- 
tion in  Groat  Britain.  From  1878  to  1881  was  travellLng  repre- 
sentative   for    Fnirbairn^    Kenned   and   Naylor,   machinists^   of 
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Leeds,  travelling  for  them  in  Germany,  Italy,  Austria,  Russia 
and  the  United  States.    During  1881-1887  he  was  superintendent 
of  Ludlow  Manufacturing  Co.,  Ludlow,  Mass. 
Mr.  Stevens  joined  the  Society  in  1900. 

FREDERICK   TAT.LMADGE   TOWNE. 

Frederick  Tallmadge  Towne,  Member  of  the  Society,  died  at 
Stamford,  Connecticut,  on  February  4, 1906. 

Mr.  Towne  was  bom  at  Stamford,  Conn.,  on  March  5,  1872, 
being  the  second  son  of  Henry  E.  Towne,  past  president  of  the 
Society ;  and  during  the  comparatively  short  life  which  was  given 
to  him  he  attained  eminence  in  the  engineering  professioiL 

After  a  preliminary  education  at  St.  Marks'  School,  Southboro, 
Mass.,  Mr.  Towne  went  to  the  Massachusetts  Lwtitute  of  Tech- 
nology, at  Boston,  from  which  institution  he  was  graduated  in 
1892,  after  which  he  entered  the  works  of  the  Yale  and  Towne 
Manufacturing  Company,  beginning  in  a  subordinate  position,  and 
passing  through  the  various  departments  of  the  works  in  order  to 
obtain  a  practical  familiarity  with  the  multifarious  operations  con- 
nected with  the  manufacture  of  locks  and  hardware.  In  1896  he 
was  appointed  assistant  to  the  president,  and  at  the  close  of  1898 
he  became  general  superintendent  of  the  works,  which  position  he 
held  until  the  time  of  his  death. 

During  this  time  the  works  grew  from  an  establishment  em- 
ploying twelve  hundred  men  to  one  giving  occupation  to  more 
than  double  that  number,  while  imder  his  leadership  there  were 
introduced  into  the  establishment  methods  and  systems  repre- 
senting the  latest  developments  of  manufacturing  and  industrial 
science.  His  talents  for  organization  and  systematization  showed 
themselves  to  be  of  the  highest  order,  while  with  the  introduction 
of  such  methods  there  grew  up  also  relations  of  deep  affection  and 
association  with  practically  everyone  under  him  in  the  entire 
establishment. 

Apart  from  his  duties  in  connection  with  the  internal  admin- 
istration of  the  works  of  the  Tale  and  Towne  Manufacturing  Qomr 
pany,  Mr.  Towne  took  an  active  interest  in  external  affairs.  In 
1900  he  was  chosen  a  member  of  the  Advisory  Council  of  the 
National  Foimders'  Association,  of  which  society  he  became  prea* 
ident  in  1903.  He  was  active  in  organizing  the  Manufaotiuen' 
Association  of  Stamford,  and  was  also  a  member  of  a  number  of 
social  and  professional  organizations. 
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Although  he  had  sunVrrul  M^riauB  illness  at  varioiia  times^  ha 
was  not  supposed  to  be  iu  e&iperial  ill-health,  whou,  t>n  February  3, 
1906,  being  Saturday  afternoon,  hv  jirmtloti  at  iho  iiH*tMiiig  ar* 
ranged  for  the  award  of  priKcs  to  the  various  einplovtx^s  of  the 
company  for  useful  suf^^irt'^ti^^ns  in  connection  with  tlio  work  of 
the  establishment.  He  made  an  effective  address,  appropriate  to 
the  occasion,  presented  the  prij:ei=i,  uud  cluf^cd  with  the  words: 
"  Good  night!  "  As  he  resumed  his  scat  ho  faiiit^'d,  and  wus  car- 
ried aw^ay  to  his  home,  suffering  from  an  acute  attack  of  Bri|cht*s 
disease  of  the  kidneys,  from  which  ho  never  reetwertnl  conjsciuim- 
ness,  passing  away  early  on  the  following  mornings  February  4, 
11)00,  in  the  thirty-fourth  year  of  his  age. 

Mr.  Towne  became  a  ^hniii«r  MembiT  of  the  Society  on  June  26| 
1805,  and  was  promoted  to  full  memlxTship  ou  May  28,  1902, 


MAITIIKW    i'ATTEltSON   WOOIX 

Matthew  I^itterson  W^iMil  wa?^  iHiru  *Ittnuary  :i?S,  l*s:sr?,  in  Adnniii^ 
Mass.  After  receiving  bi?i  etl iieatioii^  Im  wai*  apiirtrnticcHl  as  a 
iii.'U'liiuist,  IS.*)4-.')(),  in  tlu*  l.uwreuce  L(K»<nn<jfive  aii<l  \raehiiie 
Sliop,  Lawrence,  ^lass.  \n  18*i7*rjS  he  www  eniployeii  as  draught- 
uijiu  and  foreman  of  hicnuiotivo  ciY'Hiug  shop  of  the  Michigan 
Southern  and  Northern  ludiiuui  IL  U.  at  Adrtiui,  Mich*  Dnring 
lsr>i)-(n  he  was  nuister  mechauic  *jf  the  lAaiiiiiville,  New  AllJtiny 
and  Chicago  K.  R. 

Dnring  the  Civil  Wiir  he  wa^*  ^upcririteudeiit  of  luofivc  |it*wer 
nf  the  Tnited  Statics  MiUftiry  KiiilwiiVH,  l>eparL*ueut  of  Virginia, 
'r(Min.,  serving  under  General  lltTUjan  Itaupf*  lie  \vm  uho  a  con- 
liihMitial  agent  for  Seeretary  Stautoiu  Fruin  IHtiS  to  18(.l7  ho 
wjis  superintendent  <>f  the  Ohl**  Falls  Cir  and  I^icouionve  Cu, 
During  tlie  twenty  yi^iW^  beiweeu  ts70  aud  \siu)  ju*  vvat*  prln- 
cijudly  engaged  in  railway  con!*tnicliou  in  differenl  part^i  <d  the 
couulry.  lie  then  Iweanu^  HUperiuteiidi*ut  nf  the  iKaigbi^  Axe 
Mfg.  ('(►.,  Jit  l^]ast  DoUjLilij.-^s,  Mrtjw,  Tin*  la>*t  few  yeari*  of  hi^  life 
he  (hn-oted  to  a  general  eonHulrjn^  prf*ctie»*.  lie  jiiined  rhi*  StRWtjf 
ill  Mav,  IMM). 
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Crane,  Gantry ( 18)  . .    145 

"     power (5)  .  .    131 

"     speeds (15).  .   612 

"     traveling,  hydniulic (12) .  .   202 

"  "        operated  by  single  electric  motor (14)  .  .   368 
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Cranes,  ordinary  form  of  Bessemer  ingot (4)  .  .   239 
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"       shaft,  method  of  construction (4) .  .   231 

"       shafts  and  bearings,  production  of (7)  . .   521 

"         "     milling  machine  for (9) . .   267 

Cream,  separation  by  centrifugal  force ( 14) . .  1200 

Crucible  furnace  for  burning  petroleum,  W.  E.  Crane (15)  .  .   307 

Crystallization  of  iron,  Wm.  Hill (7) . .   241 

Crystallization  by  shock (17) .  .39;  (18) . .  1084 

Culm,  method  of  burning (7)  . .   390 
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Cupola  experience (9) .  .496;  (10) . .     89 

"      melting (12)..  1045 

Cupolas,  centrifugal  fans  for (22) .  .   354 

Current  practice  in  engine  proportions,  John  H.  Barr (18) . .   737 

Curve  delineator,  F.  A.  Scheffler (15) . .     67 

Curved  glass  bliie-print  machine,  P.  M.  Chamberlain (21) . .  586 

Cushion  adjustment  in  engines,  S.  W.  Robinson (I) . .  252 
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"  ratios  of  triple  expansion  engines.  Jay  M.  Whitham (10)..  576 
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"      condensation See  Condensation. 

"      lubrication (10). .  817 

"       lubricator  for  engines (15) . .  610 
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m 


938  aENBRAL   INDEX. 

fOb       PAoa 

Direct-connected  generator  seta,  W.  H.  Bryan (23) . .  524 

Disk  fans (17). .  732 

Uirect-coiinected  generating  sets (20) . .   768 

Disinfecting  plant,  modem (IB) . .   101 

**      portable (Ifi). .  055 

Dispatch  tube  system,  pneumatic (20) . .  373 

Displacements  and  the  area  curves  of  fish,  H.  DeB.  Parsons (9) . .  679 

Distilling  apparatus  of  high  efficiency (25) . .   160 

Distribution  of  intenud  friction  of  engines,  R.  H.  Thurston (19) . .   110 

"  of  steam  in  the  Strong  locomotive,  V.  W.  Dean.  .  (9) .  .556;  (19) .  •  687 

Distribution  of  steam  at  early  cut-off {IB) . .  1063 

Distribution  of  steam See  Steam  Distributioib 

Divergencies  in  flange  diameters  of  pumps,  valves,  etc.  of  different 

makers,  P.  A.  Sanquinetti (?)...  124 

Diverging  tubes,  best  fonn  of (^ . ,  505 

Dome  of  locomotive  boiler,  location  of (7) . .  386 

Double-beat  pump  valves (10) . .  521 

Dowel  pins,  use  of  standard  taper  for (7)-  -  396 

Down-draft  furnace  for  steam  boilers,  W.  H.  Bryan (16) . .  773 

Draft,  chinmey (II)..  974 

"       (13)..  217 

"  "      facts  and  theories (12)..     85 

"      formulffi for (II)..  084 

"  "      mechanical  theory  of (II)..  772 

"    gauge (21). .     87 

"        "    Eames'  differential (21). .  128 

"     mechanical (|^ . .  1162 

Peclet's  treatment  of (II)..  762 

Drafting  room  and  shop  systems,  Fredk.  O.  Ball (22) . .  1040 

Drainage  machinery  of  the  Netherlands,  A.  Huet (14) . .  635 

Dramng  office  appliances,  A.  W.  Robinson OW . .   106 

"  "    equipment,  John  McGeorge (24) . .  1254 

"  "    system,  Henry  R.  Towne (6). .  198 

Drawing  boards,  recent  improvements  in ^ (W . .  224 

"       office,  relation  to  the  shop  in  manufacturing (16) . .  965 

"    rules  for (22).  .1077 

"       paper,  prevention  of  contraction  and  expansion (9). .  301 

Drawings,  arranging  and  indexing (2) . .  378 

"         mechanical,  method  of  koejung (2) . .  576 

Dredging  machinery,  improvements  in (8)  - .   114 

Drill  jigs,  device  for (1^. .     60 

''    rock (0), .     71 

Drilling  holes  in  plat<j  glass (7) . .  ag2 

"        of  small  deep  holes  in  steel (8) . .  704 

power  for (g) . .  giO 

Drills,  tap,  sizes  of (10)..  455 

"    t\^ist :(?)..   180 

Drive  wheels  of  locomotives,  counterbalance  in (10) . .  305 

Driven  wells (•) . .  S24 

Driving  belt,  tests  of (I4) , ,     59 
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"  calibratjon  of . .  * **•--.•  ♦♦  .r.^* **.»,«...**« (HD  - .   118 
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"        limitations  of  steam  engine (13) . .     77 

"        maximmn  conditions  of,  in  steam  engines (3) . .  262 
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"        of  small  steam  engine,  experiment  on  effect  of  clearance (23)..   186 
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Heat  engine  problem,  Chas.  E.  Lucke (23) . .  202 
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''    transmission  through  cast  iron  plates  pickled  in  acid,  Danibl 

ROYSE (IIQ.  .1014 
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"    of  escaping  flue  gases (6) . .  676 

"    steam  and  hot  water  for  transmitting  of (?)  •  •  612 

.    "    study  of  the  mechanical  theorj- (I) .  -  209 

"    unit  standard  for  rating  electric  power  plants ( 18) . .  721 ;  ( 1^ . .     03 

"     utilization  of  as  generated  from  burning  refuse (26) . .  082 

Heater,  Bold's  storage (0) . .  473 

Heating  furnaces,  D.  K.  NiCHOiJiOX (II)..  806 

Heating  and  ventilating  buildings (9) . .     00 

"        "  "        South  Station,  Boston (21).  .613 

"      apparatus,  automatic  regulator  for (^ . .  431 

"      hot  water  and  steam (II)..  018 

''      "     from  a  central  station (21). .  087 

"      of  air (7). .  826 

"       of  boilers  by  use  of  gasolene  gas (21) . ,   172 

"     plant  of  the  University  of  Wisconsin (20) . .  807 

"      steam (0). .  857 

"      surface  of  a  steam  boiler (  W . .  671 

**  "       required  in  ventikiting  flues (3) . .     72 

"  "       of  boilers,  efficiency  of (  W  •  -  828 

"      system  for  cars (9) . .  463 

Helical  spriyigs,  Johx  W.  Cloud (^ . .   173 

Helical  seams  in  boiler  making (W  •  •  357 

Hempel  gas  apparatus (18) . .  030 

Hi(fh  hydrostatic  pressures  arid  their  application  to  compressing  Uguida. 

A  new  form  of  pressure  gauge,  V.  H.  Stillman (21) . .  430 

"    ratios  of  ex})ansion  and  distributing  of  unequal  pressures  in  single 

and  cotnpcnind  engines,  J.  C.  Hoadley (|) . .   153 

High  pressure  steam  main,  swivelling  joint  for (23) . .  460 

"    speed  engineering (22) . .     65 

Hindley  worm  for  elevators (20) .  .827-888 

Hipp  escapement  for  chronograph (3) . .   107 

Hirns  and  IhirlshauiHir's  theory  of  the  ateam  engine;  experimental  and 

analytic,  U.  H.  Thijkstox (II)..  688 

Him's  analysis  applitnl  to  engine  testing (12) . .  700 


OENERAT.    INDEX. 

Him's  analysis  applied  t<j  miiltipk  expansion  engine  testing , . . ,  (12) , . 

Historical  and  technical  ahekh  i^f  ilm  origin  af  the  Bfamsmer  prorvwp, 

Henry  Bessemer , .  ♦  *  * *,,.*...(  10) .  , 

History  and  development  of  iHnding  and  pitmping  machinery  in  ihe 

anthracite  coal  rations  of  Pmnsyimnift^  Howell  (JittKis^,    (4).  , 
*'     and  modem  devehpnu^nl  af  the  art  o/  ifderrhiifygttMr  mimtrttf 

tion  in  mechanism^  W.  F»  Durfee *♦..*.* * ( 14) .  . 

History  of  the  rolling  mill ^  ^  -  ^  -  ^  ....  ^.  *  * .  k. ...»•.«-».««.•<..«  t ...  ^ (22) ,  . 

Hoadley  collection,  list  of ^ ,,........ (fl) .  , 

Hoisting  hooks,  some  data  on .,-.,».  (24) , 

"       machine,  friction  in, ,  * (flj . , 

**       plant,  hydraulic , . , ,..,,,.,{ It) ,  . 

Holley  memorial , *  -  * *«•...  (S) .   31 ;  (4) . . 

"      portrait ..,„.._„.,...  (12) ..  10, 

Hollow  steel  forgings,  H.  F.  J.  FouTnit .*.,»•  t  •^  •.  «•■*'••«**<.•*.  i^  *  *  .( 1 7) 

Hollow  forging • « •  *  i  *  •  •  •  i , . , » . .  * { >8) .  . 

Hook  gauge •  ♦  .  (0) .  , 

Horizonal  tubular  boilent,  niethfjd  of  conslructimE.  .....*.»....  ^,  .  -  (6) , 

Uorsc-poiver  planitneter,  K.  J.  Wltus. , , ,......._,..  (I6| 

I  lorse-power ,.  ^  .,*.,..♦*♦.»«♦*•...,,,,.•,,(,>,*,♦,,  (2 1 ).  . 

"     indicated  costof ,*.*.. , , ». *^  ..^ . .  .(15) . 

'*  "     in  factories .*..., .-•*, {10) 

'*  "of  leather  belU,  fonnula  fdr,  ....„*.*.* .  (2) , . 

"  "     of  rope  driving  .  .  ^  ,  .  * *.,,.*.,..*-,,,..,..    ( J2)    , 

"  ''     niting  by  of  wtojim  Mlcm  far  comin«relnl  puri>c»att. . .   (7). . 

''     value  of ..>.-.»... iZl) 

Horses,  lijiulage  by , , . , *-,,...,     ,  .  (14). 

Hot  water  heating  from  a  ctntnU  tdatiftn,  IhT.  YaBYAN.      .  itl).  , 

"  well  as  an  oil  extractor,  A.  IL  ElI)HKIK*K. , . . ,  *  ^ » , , ,  (24) ,  . 

Hot-air  engine,  weight  of  n*gf.*iitimtor  in , ..,  -  ^ ,,,.  p  .,*!*•♦,•  t.^  »..< ,  (15)  .  . 

''    tube  as  an  ignition  titnini:  tk^viei*  jn  g»i  (^figJEtes .*.,..*....  (21)  .  . 

"    water  and  steam  hearing  pUmt* .  .  . , { fl)    . 

How  and  xvhy  of  the  porro  pri^m  fkM  ghtjut^  W.  R.  WaknxII ,  (23) 

'*    to   use  steam  expan^it^hj  in  dirrci-iu^ting  Hfiim  ptmtfmt^  J*.  F, 

Halloway , , , .•,..** * .  (H) . . 

Hydrants,  fire,  experimenln  on. .  w  **»♦...*♦..-,*,,.  *,,!♦*♦.»..,»♦ .  (20) .  . 

II ifdniulic  d]p\amometer,  Ja\um  D,  Huffman     .,.*,...   (17) ,  . 

'*        hoisting  plant  for  tht  fiitr  &f  the  Bmoktgt^  ^ttgnr  Uffinin^ 

CoffifMing^Jj.  d  Ef*OftL,  .*.•*.*,,,  ^,  .».^»*,,,*  .*,  »*,*(I2J.  - 

"  rrnrtion  motors,  DjcVor^^N  Wodp* . , -,,,.,,,_  fU) . 

"  (ran  I irtg  cranes,  EnW|!V  GlUVim .  ,  (J2) 

llydraulir  air  compressor,  t^wt  tif     . ^22) 

"  and  elortrie  powt^r  pknf,  MidiUniWirDtllEh  Dook.  {2$} 


t**mt*t*^r*tmt^a^^imi 


I  .  4  f.  .  .  «  ,  (20) 


ash  hoist 

cot  Um  compresji. .,,.,. 
(levator  system,  tcv)t  of . 

elevators .  .    . 

machinery,  paekinn  of  rod»  ftUd  li»1itiiigc«« .  . , 

ol)st ruction  in  olofli^ij  atn^yiis,  kw  of ,  ,  ,  , ,      .  , 

presses  in  mnmif^ieturi*  ol  mxiidl  §tnmpml  inptnF  uttirJn 


Am 

^24) 

«:20»  . 

(10)^. 


2Sfl 

2m 
mi 

rm 

591 


956 


GENERAL    INDEX. 


▼OI..         FAfll 
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"  "  "        for  low  ranges  of  pressure ( 14) . ,  325 

"       high,  apparatus  for  measuring (18)  •  •  1041 

"  "   ninges,  recording  gauge  for (16) . .  1119 

"       internal  on  annular  lid (19). .     32 

"       low  nmges,  recording  pressure  gauge  for (14). .  325 

"      measuring  ni)panitus (18).  .1041 

"       regulation  in  receiver  of  compound  engines (16). .     48 

"        steam,  in  marine  engines  and  Imilcrs (6).  ■   472 

Pressures,  unequal,  high  ni(i<»s  of  expansion  and  distribution  of  in 

single  and  compound  engines (I). .   153 

IViine  movers,  potent inl  efficiency  of (26) . ,  920 

Printing  press  in  mechanical  engineering  schools (9) . .  403 

*'    ink  rolls (7). .  806 

Problem  in  profit  sharing,  Wm.  Kkn'T (8) . .   630 

Proceedings  of  the  Society  (see  first  pai)er  under  each  meeting  in 
(Jeneral  Contents  Index). 

Production  of  true  crank  shafts  and  l}earings,  H.  See (7) .  .   521 

Pnifit  sharing (8) . .  630 

Progress  in  the  manufacture  of  iron  and  sterl.  President's  Address,  1806, 

John  Fritz (18)..     89 

Projectiles (28) , .  405 

Promethor,  Bnidley (7) . .   727 

"Promise,  and  jwtcncy"  of  high-pressure  steam,  K.  H.  Thurston (IfiJ. ,    160 

Prony  brake,  new  form  of (16). .     62 

Propeller  blade  of  cast  st<?el,  corrosion  of (16) . .   961 

casingfor (11).  .1030 

'*         surface  fonn  efficiency  of ( 14) . .     65 

"        tubes,  effect  of (I2). ,  906 
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Properties  of  ammonia^  Hi^olson  Wooik ,.♦.***.,.* . .  (IC) , . 

*'  "  (second  papt-r) ,  DfeVfHJWJW  WcK>t*, » » , ,  i » m ,  * .   ( Tt) ,  , 

"         of  vapor  and  miktr  (Tugutejt^  DKVoLftDN  VVouii  -  ,  ,  .  ^ , *  .  C 10)  - 

Proportioning  steam  cytimtirH,  U.  H.  THnii^^iTaN,  ......*.,.*. .(9) ,  . 

Pro])ortions  of  highspeed  tmjimif,  John  H,  BahRj  F*  F*  UajNU  and 

H.  E.  Williams ^ *t(7)    ■ 

Proposed  standard  for  ni&chim  mrmp  ihrmd  m»^,  C.  C*  TyLEB.  ;  -  -  * (tS) .  . 

Propulsion  by  jeta .,,.... *  .,•  ^  »,,,,.,  (It) . , 

*'         screw,  iinprcjvL*d  niL'thud* . . . , **.****..•, (2) . . 

Protection  of  ferric  struct tirt^,  M,  IK  WiNaU*  ...,..,, h,  , . . .  h,  » ^ , . « .  (22)  .  , 

'*         of  steam-heated  iftu/aerH^  Chaa*  L.  NoRfOHi  . .  -  i  ,  ♦ ,  *  i .  * ,  ,    (It)  ,  , 

IVotcction  of  penstockii  frotn  c  firrtJsimi, ........ ,.,..., » , ,  .   (21) . 

Protective  value  of  boiler  ifUH^Mctumf  F*  B*  Allkk.  « «  i  •  • « «  i  « « « ^  •  •  • , .  ,  ♦  (4)  . 
Pulley  press  valve,  F.  H.  Srnj.M an  ^  ,.......,..<-*,•-  *^  .*♦*,*  ^* ,»  ,  (^ . 

I*iilley  faces,  tractive  forro  of  Itnif  hor  I  i-Stn  an .  ,  *  ,  *  * . , *..--.  (10) . 

Pulleys,  cone  and  step,  tuetbml  for  (iiiding  diftKfltl&ts.  .^ .  ^ -.  *  -  (lOf) . 

'*         stresses  in  the  mu>*  fiinl  rim  ji>iiiU. ,  ^  .,..,..*.  h^,  ..,  ^ ,,,*,,  (16) ^ 

Pidsometer,  test  of .,,***..* 

Pump  cylinders,  strength  of p  ,,-,•,»-  ,..,,,,., 

'      receiving  suction  WftU^r  uuckf  rir«Hh«f«j  I««t9  of, 
rods,  deep  well ..,.,..,.....,    .........,.,».. 

'*      valves ......*,.,  , , 

Pumping  engine  tests  with  (fuperh^oUd  dt-mtit  K.  H.  Fci^TiUI. 

Puinpiiig  engines ,,..►,,*,».  ^ ,»,,  * 

machinery  in  th**  unthmntt*  con!  ir 
Pumps,  centrifugal  and  rei^iprrH'jvtmg,  rcbif i\ r  r fllr  mny  oft.  •«.«.«*».  #(7)  >  , 

"  •'  "     I  heir  t»iUcieiici<5«. ,,,.,,.*,  (fl)  .  . 

"         t<\st,H  nf  ;it   liridgf^piirt   l\iinpli)X  Sljitlctfi .,**♦.. (Ift) , 


comparative  \al«r  of  dilT«>fftfit  ^irmnjct^meitbi  at  micljc*l\  air 

chambers  on    .  .  .^  ,  ,  ♦ .  ♦  (22).  . 

diviTgenciesiii  flH[t^:('dj*tiK?t«riliif  .(0).. 

for  driven  wells* ._,,,...  .(0)^  - 

"       rotary .  ,        ,        (24)    , 

"        steam,  direct-artiitR.  ,  ,  (U).  .235;  (tS). , 

Pun<'hing  iosis,  standaidjii  for ,.....,...-,.,.,..,*,.  .(I  I)  -  . 

PiiniiMscr  and  his  relaliiin  Ui  llw  HildliHT  nitt!  firi.lillfilHltli!  .  .    .  - .  .  -(Ifl)  . . 
Purdue  locomotive,  tcj^j*  of  lioilrr  (22), 

"       Tnivi-rsity  locomtitjve  lcHti»  .  ,(1#) .  . 

Purifu'tition  of  water  fttr  tiomrniir  tjnti  Fminu/mHurimj  p»$rfK>9mf  T»  il. 

Ck  A  N  K ....         .......      .  .  (7)  .  . 

Purification  of  feed-water  .-..,  ,     ,(!»).    lllOUIt)^ 

Purifying  plant  for  water, ,.,,.,  (19) . 

Pittliuif  a   new  crunk  pin  in  ihr  rtuffim  of  fAr  SJ$,  ^KmrAf^tehtr^*^ 

Pkwis  .Iounson.  .    

P\  rotnet<T,  air,  recordina    ,     . 

for  high  temjtfmfnrwi.  .  , ,.,,,., 

"          uw  nf  ni]prlR]4*t*-r 
t  lie  use  of  pUfimifu  in  ,..*-..».  - 
WMter-platiflUHI. . ,  ..*«^p,.,,*rf^  t    '  ■ . 
"  water  type.  ., 
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Rack  railways (14). .  708 

Kadiator,  graduating  st<?ani (14) . .  401 

Hail  camberimj  arrangement  of  the  Lackawanna  Coal  Company ^  W.  K. 

Seaman (4) . .  106 

"    pressures  of  locomotive  drinng  wheels,  D.  L.  Baknes (16) . .  249 

Railroad  bed  for  bridge  structures^  ().  C.  Wooi^soN (13) .  .  276 

"        economics  or  not^s  and  observations  from  tlie  Ohio  State  Rail- 

way  Inspection  Sennce,  S.  W.  UoniNsox (2) . .  538 

Railroad  cars,  warming  by  steiini (9) . .  471 

Railn)ads  worked  l)y  elect ri city (II).-  839 

Rails,  rolls  for '. ". (11)..  213 

"    steel,  rolling  of (7) .  .785;  (11)..  208 

Railway  car  axles,  strength  of (16) . .  237 

"        eltH'tric,  as  applied  to  st<?am  roads (13) .  .  359 

plant,  electric (15). .  730 

'*        speeds.  New  York  to  Chicago  in  17  hours (6) .  .  301 

Railways,  rack (14). .  708 

Rankine's  theorem  relating  to  the  economy  of  single-acting  expan- 
sion engines (3) . .  252 

Rapid  transit  and  elevated  railroads,  F.  E.  (Jaltx)upe (7) . .  81 

Ratiruj  electric  power  plants  upon  the  heat-unit  standard,  W.  S.  Ald- 

ludi (18).. 721;  (19)..  93 

"       of  steam  Injilers  by  horse-pouters  for  commercial  purposes^  W.  P. 

TuowjJKiixjK  and  C.  B.  Richakixs (7) . .  214 

Ratio  of  expansion  at  maximum  efficiency,  R.  H.  Thukhton (2). .  130 

Rational  basis  for  wayes^  H.  Emeiisox (2B) . .  868 

'*         solution  of  the  problem  of  uH'ights  and  measures,  Sidney  A. 

Reeve (24). .  184 

*'         system  of  piston  packing,  S.  \V.  Robinsox (2) . .  19 

'*         train  resistance  formula,  JoHX  IUlch  Bloct (24). .  945 

Reaction  motors,  hydraulic (14). .  266 

wheel,  steam (12) . .  888 

R(»ceiver  of  compound  engines,  pressun;  regulation  in (10) . .  48 

Receipt  controller (14) . .  619 

Recent  construction  at  the  Atlantic  A  venue  Station  of  the  Edison  Electric 
Illuminating  Comjtany  of  Boston,  1.  E.  Moultkop  and  R.  E, 

( ^niTis (23) . .  569 

improrrments  in  dratving  boards,  Theo.  IU.kcinkk (6).  .  224 

in  drrdgimj  machinery,  A.  Weltj*  Robinson (8). .  114 

"      progress  in  manufacture  of  steel  castings,  H.  L.  (iANTT (18) .  .  260 

Reciprocating  and  centiifugal  pumps,  relative  efficiency  of (7). .  508 

motion,  graphical  nnalysis  of (II)..  260 

parts  of  a  locomotive,  counterbalancing  of (10).  .  302 

''                   *'      high-specnl  engines,  fonnula  and  tables  for  cal- 
culating their  effect (8)  .  .  191 

**                   "      engines  and  machinery,  counterbalancing  of.  .(2)..  249 
R(?cord  of  position  of  an  engine  governor  and  the  spetni  of  the  engine 

which  it  is  governing (24) .  .  78 


OESKBAT-    INDRX. 


972 


Record  of  the  early  period  of  high^pcfd  tngiw^ring^  Chas.  T*  Pcittrim  (22)    . 

Recorder  for  teste  of  nmt^ri»lfl ,,,.,,....,.,.,,*  ^ ,,  ^ ,,( |$J , , 

"        of  speed,  elet'tric, ,,..,, , , .».**•,  i  >.,*#,....  4®)  ♦  ^ 

"        turbine >....{H),. 

Recording  device  for  testimj  maehincn^  0.  W*  BiHasLL.  ...,,,..»...*..(  17)  * . 
Reduction  in  coat  of  steitm  jtou'er  from  1S70  i&  IWT,  F.  W.  Dig^N ,  .  ,  .  ,  .  (It) .  . 

Refrigerating  machine  of  U>-4a}j^  C  t  jki>i:.  .  ,  .  , ( |4) .  . 

Refrigerating  machine  or  the  unuiiuiiiu  abesurption  typr  ..  .  (J(Q . , 

"  "  "  "        rainprcsniori   "    , .  , ,  .  (It) . . 

"  "      oxp**ruiiejitAl  mtsiauri^ments  nf  pprfoitnAiiee  of .  (13) . . 

plant,  teat  (it .,.,(11),  .830;  CM) . . 

"  "    wurk  dout?  diUly  uiid  etiet  of  mroif (Ifl)  ■ . 

Refrigeration , , {I«). .  127;  (21). . 

"  process  siid  jt«  proptf  plate  in  tbemitidyntitnies. .  ,  (14) , 

"  standard  unit  of. , ,  (25) , . 

Refuse  destruction  by  iturrUng,  and  ih€  td&ita^^on  ttf  keai  ff^ner€ttrti\ 

C.  N.  Russell ..**..*....,.• » » *, ,,.,..» (25)   . 

Refuse  destruction  by  blinking *  *  »»* ,  g  ^ , , ,  * ,  * .  (25) , 

Regenerating  metallurgic  furttturttf  JaCOB  RbUA ,  .  ,  (I)  .  , 

Regenerator  in  a  hot-air  oiigiric ......*...  i  *,.*,,.,.  (IS)  . » 

Regulation  of  pressure  in  rem  Vf»r  of  rciinpouiid  f^nginw. , .. ,  * ,  ^  ♦  ^  *  *   (IQ) .  . 

Regulator  for  heating  upparntun,  Autamatie ^  • ,  A^)- 

Reheater ....,.__,.,„,..  ,  (It)  .  , 

Uehcatcrs  in  muUtple-Cf^lhtijrni  eiujinrjt^  R.  H.  TinilM|}|f«  •**»•*-,,., (01).  * 

Reheat^^rs,  use  of  in  conipmiuil  enpne«»  of  lai^e  «iii«, .  ^  , *♦,,.**  . .  (SB) ,  . 

Relation  M ween  initial  ir union  and  ji&vH^r  tmnmniUed  by  a  6*1*,  R  Li 

Em<  HIV ....,,.,..,,  (20) ,  , 

"  "      the   pt4rihaaer^  the  enginfimr  and  ihg   manufadurtr, 

\V.  H.  Bryan (If) .  . 

"      of  the  dramng  a /fur  to  i/w  Ahop  in  nianufmiuring^  A.  W*  Ruimh* 

«<>N -.  ^....*.-.. ..(IK)., 

Helation  existing  between  surface  j^fN^  of  It  bmrinR  und  tht  pf^amm 

whieh  it  will  susUiin .,.,.,,. * (i) .  - 

Rrlntiir  economy  of  ^^rtfthHon  i^  rhimmyt  and  veni^aii&H  &y  /rwif, 

W.  P.  Tro\^  uuiunm... .._.  ,.._(7),  . 

"       tfprunry  of  cehiftjugai  and  rmpr^mUnff  pumps,  W*  O.  Wkh- 

»KU , (7). . 

"        trsts  of  cast  iron,  Wm,  J-  Ke£P     .  , ,  , , *    .    ,  .  ( If). 

"       value  of  uHiter  7'^«  ond  j^*  from  the  Sifmm§  pn^Hfrr  for  mHf- 

ing  in  the  oj.    ■■  ■■  ■  '^rth  fttnwct^  Frko.  W-  TArUlll.  ,  . . ,  ,  ,  . . ,  (7), , 
UrUnhilUif  of  throttling  utrttfA^  J.  R  DrVTr>**  .  .,.,..♦.  (IT),  * 

U(  jHiirinq  a  broken  rylituU*f^  H,  M.  LaN».  .  (23)-  ■ 

He|M»r(  of  eominittee  ou: 

Boiler  plate,   rivet  nXxd,  »tori   rnMtiliipi  imd  mXt^l  forKiDgn, 

speeifientiotiit  for .    .  .  ,  .  \M) .  .  il21  \  {25^  , 

rthuidflftl  mpthcMi  of  (jomjut'ttug (•). , 

**  (tlbruidoci)     (()   . 

(dJw^uNMinti  fliti 

itM  adoption  liy  letter  Imllot), . , ,    ,    . .  (#h  . 

''      trialn.  htmm,  rtHiNiun  of  BodlfJ AOd« df  IDSft ..  , .         <2I) 
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Boiler  trials,  steam,  revision   of  Society    code    of   1885l 

(discua8ioiiV.(2l)..  112 
Electric  lighting,  standard  rules,  meeting  of  Natjonal  Con- 
ference  (24) . .  885 

Electrical  rules,  standard (19).  .33, 084 

Engines  and  dynamos,  standardization  of (22) . .  520 

(final  report) (23)..     09 

"  "  machinery  at  the  World's  Fair  of  1893,  physical 

tests (14)..     41 

Engines,  gas  and  oil,  standard  method  of  testing (24) . .  775 

Engines,  pumping,  standard    method    of    conducting   duty 

trials (II).,  654 

"  "        standard   method   of   conducting  duty 

trials  (revised  and  final  form) (12} . .  530 

"  "        standard   method   of  conducting  duty 

trials  (discussion  on  report) (12) . .  563 

''       steam,  standard  method  of  testing  (final  report) . .  (24) . .  713 
Engine  tests,  standardizing  (discussion  on  preliminary  forms 

oO (24)..  791 

Fire-proofing  tests  (report  of  progress) (IB) .  .639;  (18) . .     24 

Flanges,  standard (13) .  .307;  (14).  .48;  (21), .  29 

Gas,  natural,  for  industrial  purposes (8) . .  340 

Gauges  and  standards (3) . .  14;  (4) . .     21 

"       for  metal  thickness (!•)..  641 

Locomotive  tests,  standard  method  of  conducting (14) .  .826, 1312 

Metric  system,  arguments  in  favor  of  and  against (24) . .  630 

Pipe  and  pipe  threads,  standard (7) .  .20,  414;  (6) . .     29 

"    unions,  standard (23) . .   Ill 

"  "  "       (supplementary  repoit) (23) . .  681 

Rules  and  methods.  Constitution  and  By-liyws (24). .  889 

Testflandmothodsof  testing  materials.  (II).  .527,  604;  (13).. 275,  280; 

(14).  .1258,  1263;  (16)  640,  1066 
(giving  proceedings  of 
International  Ck)nferenoe  for  unification  of  methods  of 
testing    l)uilding    and    stniotunil    materials,    held    at 

Zurich  in  1895) (17) . .   748 

Requirements  of  electricity  in  manufacturing  Work,  Wm.  S.  Aldrich.  .(23).  .1003 

Resistance,  moment  of (18) . .   314 

Retiults  of  measurements  of  the  vmter  consumption  of  an  unjatAded 
1,G00  horse-power  compound  engine,  J.  E.  Denton,  D.  S.  Jago- 

nu8,  R.  H.  Rice (IB) , .  882 

Results  of  measurements  to  test  the  occur acrj  of  small  throttling  calori- 
meters, D.  S.  Jacobu.s (18) . .  448 

Rotjirdcrs  in  fire  tubes  of  steam  boilers (17) , .   450 

Rim  joints  in  fly-band  wheeln,  strength  of (IB) . .   147 

Rims  and  rim  joints  of  pulleys  and  fly  whc^els,  stresses  in (18) . .  208 

"     of  fly-band  wheels,  stniins  pnKhiccd  by  centrifugal  force. ....  .(14). .  261 

"     wheel,  strength  of (20) . .   125 

Rings,  elastic,  flexure  of (12) . .  911 

Rii^er  practice  of  the  West,  J.  M.  Sweeney (8) . .  645 

Riveted  joints  of  steel  boiler  shells (10)..  707 
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Riveted  pipe . (15) . .  5?l 

Road  tests  of  consolidation  freujki  hmwtoiU'mf  E,  A.  Hiraicioac*    ....  (26) . .  5fiO 

Rock  drill , (6) .  .     71 

Rod  rolling  mills  and  their  th  t^h ptnrnt  in  Amrrim,  f\  IL  DANtKtJi.    (14) . .   583 

Rod  mill,  continuous,  of  thr  Ta^tiUm  Imu  Cmtipo^y. ..,..,.  (2) , .     71 

Rods,  packing ._. ,.  .,...*.,».,  ,,,^ .  .t-  -   (H)  .^  ^2 

"      twisting  of .  .  .  .  , , .,,,,♦..•.,  .(fl) . 

Rolled  cast-steel  car  wheels^  Jai^hi  Hj5IWM .,-,,,..* {!>  . 

Roller  extensometer,  Gus.  C.  H  knhiKo (23) . 

Roller  bushings  in  journals  iit  low  vckn^itit^  and  uttdctr  high  fin!!8&urM.(9) . 
Rolling  mill  fly  wheels,  Joh\  Viuti.  .  . 
'*     steel  rails,  D.  K.  Nii  iiiJi^oN.  . 
Rolling  mill,  American,  e>t4vitiori  of. 

'*  "     first  in  Ameri  riL ..* 

"  "     rod *. 

"  "     some  landmarks  iti  ttut  ^hCfff  fif  ^ 

Rolls  for  bending  plates  ..,..**,,.*.; 

"    "  mils ......^.. 

Roofs  for  machine  shops.  ..... .^  ..,  p^  ,. , 

Rofx'  driinng,  Chas.  WALL\t"K  Hunt 

Ropo,  flying,  for  transmissi^in  of  powfiT. 

*'     haulage *,*,. 

"     manila,  working  load  fur, . , .  ^ . 

**     tnmsmission ,»,,,,. 

'*     wire,  fastenings .....,,*,.,,,»,,,,,,,.♦,,.., 

Rotary  pumps,  John  T.  Wn.xm* ,,,.,.,,.». 

Rotary  cutters  for  cutting  lM*vf*l  g^m^    ,  . 

"      steam  engine,  advunliigi*^  ojttl  dtiiHlviiiitiitCt^  iif 
Rotation,  sliding  friction  o*.      .  ,  .....    .  . 

Hoxbury  Pumping  Station,  WorthJiigton  rfimpiiuiid  i^MPtiP 
K  udders  for  stem  wheel  st^'UHihofttil*  -...♦..- 
ifults  for  conducting  boiler  te^tx^  Wm.  Kent 

**     jor  a  draunng  office,  A.  W.  RoiuvHcm 
Hull's  and    metluKls ..*.♦» 

"      stnndanl  electrical.    .,,*<, 

Kusting  of  britlge  cables , 

Rustless  coatings  for  iron  and  afwl,  M.  P-  WlWi»..(IS)     0118; 

Rustli'ss  iron,  Hower-HarifT  [mieCMt. 


Soft  It/  car  hcatitig  system,  Hkshy  R.  TuWWK.    ...  f&J 

Safety  valve  for  boilers  on  *KiuiU  Vfuwcl*. .,,*«»».».    .    ,,<•>. 

Sarul-bljist  process  for  8hnii,*i?uing  pkl  and  mm  fSim *  4i>^  .^^i  (li)> 

"     "    for  drilling  glass.  ...,...♦*,,,,*,,»*.♦,,,  ^  ..*,,....,.,  ♦    *  ..(7) » 
-bla.stiug  as  inctluHl  to  pradiirti  puffttiw  nn  cttit  jtmt  befom  nfdtel- 

I'iMting , ,, ,(|fi). 
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Saturated  steam,  tables  of (II)..  682 

"        vapors (10) . .  670 

Saturation  cun*e  as  a  reference  line  for  indicator  diagrams,  R,  C.  Car- 
penter  (16) . .  904 

Sawdust  as  non-oonducting  coverings (16) . .  628 
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"    rails,  pressure  on (7)  .  .   785 

"    rolling  of (II)..   208 

"    results  obtained  from  when  tested  shortly  after  rolling (9)  .  .     38 

"    rustless  coatings  for (15).  .998;  (16).  .350,663;  (18)  .  .   251 

"    scrap  in  foundry  cupola  or  ladle (9)  .  .   339 

"    shafts (18)  .  .     57 

"    shrinkage  of (10).  .437,452 

"    springs See  Spring. 

"    structural,  elastic  curve  and  treatment  of (13)  .  .   572 

"    tempering  and  annealing (9) . . 725;  (24)  .  .   349 

"    tensile  strength  of (10)  .  .   432 

"    torsion  of (I  I)  .  .   625 

.  "    working  stress  of (8)  .  .    157 

"    works  at  Wyandot«,  Mich (6)  . .     40 

;  "    yield  point  of (18)..   711 

■  Step  bearings,  experiments  on (22) .  .    732 

"  "        friction  of (7) .  .   305 

"      pulleys,  method  for  finding  diameters (10) .  .   269 

Sterilizer,  description  of  new  form ( 16) .  .   659 

;  Sterelizing plant (20).  .   682 

}  Stevens  tnilve  gear  for  marine  engines,  Andrew  Fletcher ( 19) .  .   449 

'  Stocking  and  reloading  coal (9) .  .   270 

Stokers,  mechanical (12) .  .921;  (17)  .  .278,  558 

"  "        for  locomotives (23) . .   444 

Stowe,  standard  tests  for (II)..  551 

'  Straightening  of  leaning  chimney  100  feet  high,  Joseph  C.  Platt ( 16)  .  .      75 

Strain,  effects  of  and  of  annealing (25) . .   599 

Strains  in  lathe  beds,  Geo.  W.  Bissell ( 14) . .    147 

"      in  locomotii^  boilers,  L.  S.  Randolphe (9) . .   534 

"      in  the  rims  of  fly-band  wheels  prodyced  by  centrifugal  force,  J.  B. 

!  Stanwood (14) . .  251 

"      on  an  annular  lid  resisting  internal  pressure,  L.  H.  Ruther- 
ford and  F.  R.  Hutton ( 10) . .     32 

"      produced  by  excessive  tightening  of  nuts,  T.  Bement (24)  .  .  1 137 

Streams,  closed,  law  of  hydraulic  obstruction  in (19) . .  216 

'  Street  car  gear  for  modem  speeds.     The  coming  self-propelled  car,  S.  J. 

I  MacFarren (II). .  254 

I  Street  railway  power  plants ( 14) .  .  1082 

Strength  in  machine  tools,  Chas.  T.  Porter (I)  . .    119 

i  "      of  cast  iron,  Wm.  J.  Keep (17).  .   674 

f  "      of  gear  chart,  John  B.  Mayo (19) . .    100 

"      of  iron  as  affected,  by  tensile  stress  while  hot,  DeVolson  Wood  .  ( 16) .  .   739 

I  "       of  rim  joints  in  fly-band  wheels  J.  B.  Stanwood (15) . .   247 

"      of  railway  car  axles,  T..  S.  Randolph (16) . .   237 

"       of  shafting  subjected  to  both  tunsting  and  bending,  Gaetano 

Lanza (8) . .    130 

"      of  steel  balls,  J.  F.  W.  Harris (21) . .   351 


gknkhai.  ini>kx. 
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Stremfth  of  wheel  rims,  A.  K.  MANsnrLD .  ....      {W^ ,  ,    Vlh 

Strength  of  pump  cylinders ,.,,.....,,,.,,,♦.  .  . .  ^  ,  .  { 17) . »  372 

**        of  spruce  columns,  ^ ......  * .**.*.,..  .  .  * .    .  ( 1^  ,  .     6S 

Stress  on  iron,  prolonged  variation  in  cITert,   . .  (4) .  .  224 

Stresses  in  the  rims,  and  rim  joints  of  pudleys  and  /ly  tfiA«r£i^  CjAJ^ank 

Lanza .,,......, (16)       208 

Stresses,  alternate,  positive  and  ne^^tive  in  iron  and  8t(»sL{9)  152  (f8). .   70ti 

Strong  locomotive .....  (fi) .  -5511;  (10) .  .   687 

Stnidiiral  steel  fly  wheels,  Turn.  E.  MuBHAT ,*.,*, . ,  (17) .  .  413 

Stnictural  steel,  elastic  curve  and  treatment  of (13) . ,   672 

Study  of  the  proper  method  ttf  dtiermining  the  «trtngih  of  pump  /Ty^iiwfcr», 

*C.  W.  Kettell (17) . .  3r2 

Stuffing  boxes  and  packing  for  pneumatic  prf«mjpp  fo?  moving  parti 

and  for  joints ..,.,.... (7) . .  3$1 

Submarine  telegraph  work .  , (2) .  ,   357 

Substitutes  for  steam,  G.  H»  BaB^CK ♦ (7) .  *  ^80 

Sucker-rods,  twisting  of , .,-,-, W  ■  *  Sftfi 

Suction  air  chambers  on  pnmpi,  c0mpi»f|tlv«  TOlue  of  dlffetntit  *f- 

rangements <2^ .  .  499 

Sugar,  its  influence  upon  cenimit .....♦..,,*,,*,,,,,,,.•.,...,{•)..  280 

Suggestions  for  shop  constnuiiitn,  f.  A,  Scasm^ia ..•..,<.,..    (25)  , .     09 

Sulphur  dioxide,  latent  heat  of. , , .. , ...    (125       307 

"     properties^  nf (12) .  .    137 

Sulphurous  Anhydride  (SO.^)  pmife^uro  t4«mp«ratiin)  curve  of.  .....    .  .(2S) . ,   176 

Sulzer  engines,  tests  of , ,,....,        .  .  (18)  .  .   705 

Summary  of  results  of  priruiptd  experimenlai  TmoMMrtftteni*  of  perform^ 

a  nee  of  refrigerating  mmhinen,  J.  K.  DkntoK  and  D.  3*  jAcootiH  (13) .  .  **07 

Superheated  steam,  Ernest  I  \ ,  Fijhtkr  . .,,,......  (22) .  .  930 

"  "      facts,  data  and  priimplm,  R.  H.  THnw^nw  (17) .     4)88 

Superheated  Steam 8«*  Bt«i^nt. 

Sufxrior  (the) ,  E.  D.  LEAViri,  Jr.  ,  . , ,  (2) , .    107 

Support.s  for  Corliss  enginei^  .........  (10).  .  820 

Surface  condenser,  evaporative. .(14).  ,  ISW 

Surface  condensers,  Jay  M.  M'lriTllAM .    (11 . .   417 

Surfncrs,  steam  heated,  proNu'tion  a  ...».«.,•*.,  i .  ,  (195  . .   729 

Surveying  instnnnent,  use  itf  in  mAfhme  iihop  pmeticc      .  ,  , (24) .  ,    3S0 

SwireVing  joint  for  a  16-tmA  hi^ih-preMmrt  Mk^am  m&iH,  H,  E.  (^BTW .  (23) . .   ICVO 
System  of  worm  gearing  of  dietmetml  pitrh,  8,  W.  PtiWltLT*  And  W.  L. 

Cuy.sKY , (10) ,  .   333 

Systems  and  efficiency  of  ekdrie  tmnimuNitan  in  fad&rtNi  and  tinih^ 

W.  S.  Ai.DHicii ,  . . .  , .  .  _  .  .{21) .  .  912 

Sifstrmntie  (rstiny  of  turlnne  wftifT  whifwlM  in  the  VniUd  HtairM,  R,  H^ 

'linil^ToN ,  ,  ,,  ,      .,  .  tr»»^t^»*^.r,,...  .  ,(•)..    &59 


T-s<in(trc  and  its  moutitings,  W.  A*  UaHHISL* 

Tahlc  oj  sizes  of  chimneys,  V>\f,  KFN*r    


I  t  *  t  »4-*-*m  II  mm* 
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Tables  of  the  propertiea  of  steam.     Their  use  in  study  of  aUam  engine 

experiments  J  V.  Dweubhauvers-Dery (II)..  72 

"    for  facilitating  calculations  of  boiler  tests,  Wm.  Kent (•) . .  84 

Tables  for  calculating  efTect  of  reciprocting  parts  of  high-flpeed  en- 

gimw (8)..  191 

"      of  springs '. (17)..  340 

Tachometer (8) . .  93 

Tap  drill  sizes (10) . .  455 

Taper,  use  of  for  l^olts  in  locomotive  work;  also  for  dowels  and  pins. .  (7) . .  396 

Taxameter (14). .  619 

Technical  education,  E.  B.  Coxe (15) . .  655 

"       in  the  United  States,  R.  H.  Thurston (14) . .  855 

index  and  file,  H.  H.  Soule (23). .  658 

"        training  at  the  Worcester  free  institute,  G.  I.  Alden (6) . .  510 

Technical  training;,  money  value  of (25) . .  40 

Teeth  of  wheels,  method  of  cutting ( 12) . .  265 

Telegraph  work,  submarine (2) . .  357 

Telegraphy,  multiplex,  mechanism  employed  in (4) . .  321 

Telephone  system  in  large  plants (16) . .  623 

Telescope  considered  historically  and  practically,  President's  Address, 

1897,  W.  R.  Waiixer (19) . .  37 

Temperature,  efTect  on  strength  of  wrought  iron  and  steel. (10) .  .717;  (17) . .  198 

"           entropy  diagram (19) . .  477 

"           of  exhaust  gases (23) . .  688 

of  metals (15). .  616 

Temperatures,  and  colors  of  heated  steel ^. (21) . .  627 

"             high,  use  of  calorimeter  as  a  p>Tometer (2) . .  42 

Tempering  and  annealing  of  steel (24) . .  349 

Templets,  cutting  of  from  thin  metal (8)  • .  295 

Tension  tests,  standards  for (11)..  621 

Tensile  tests  of  steel  eye-bars,  Grs.  C.  Hennino (4) . .  420 

Test  of  \r^-milli4)n  high  duty  pumping  engine  at  Grand  Rapids,  Mich., 

M.  E.  Cooley,  J.  R.  Allen  and  F.  C.  Wagner (21).  .1018 

"      an  hydraulic  air  compressor,  W.  O.  Webber (22) . .  599 

"      an       "         elevator  System,  R.  P.  Bolton (24) . .  933 

"      a  pulsometer,  DeVoijsion  Wood (13) . .  211 

"      a  refrigerating  plant,  DeVolson  Wood (II)..  830 

"      a  steam  separator,  F.  L.  Emory (20) . .  485 

'*      the  Snow  pumping  engine  at  the  Riverside  Station  of  the  Indtanr 

apolis  Water  Co.,  W.  F.  M.  Goss (21). .  793 

"       a  triple-expansion  engine,  J.  T.  Henthorn (12) .  .  643 

"      a  tiveb?e  horse-povt^er  gas  engine,  C.  H.  Robertson (24) . .  1095 

"      tv^  10,000,000  gallon  pumping  engines  at  the  Baden  Pumping 

Station,  St.  I^uis  Water  Works,  June,  1899,  J.  A.  Laird (21) . .  327 

Test  of  a  hot  water  and  steam  heating  plant (II)..  918 

"      a  pumping  engine  with  superheated  steam (21) . .  788 

"       125  horse-power  gas  engine (21) . .  396 

"      pipe  covering (16) . .  827 

"      pieces,  standard  shapes (13) . .  289 

Testing  locomotives  in  England (2B) . .  589 
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Testing  air  motors  and  air  ImTiuriers,  !i|tp«nihk*i  for. ......  t2S)  . 

''      and   proposed   staitcjuitl   of  coaip^msqti  of  eottimitrcjul  gn» 

engine.  . , . » (25) . 

*'      indicators . , .  » ^«-. .---..,  i^. .  ^,  .-, , ,,-,.  ...(20), 

''       machine  for  belts.  .  ..  . ,  * ,,  ^.  ^  *«  i  ••¥«!>•  ■•«  t.1**!^**^  i .» «  At^) 

"  "  "  springs i .  -  ^ *,..,.*..>,,,,, f2S) , 

"  wire (It) 

**       machines,  recording*  drvicr  fur _ (13)  ►  *fl33;  (17) . 

•*      of  engines,  appHcaTiiin  of  Him^s  nnnlyiit^ ,    .  .  .  .  ,    .       ( J2} 

''       of  gas  engines,  melliLKl  of  ♦..♦,♦.,♦  *  ♦..  *  * .  (24) 

"       of  steam  engine  imliratom,  AfifMtft|tti9  for. {22}  . 

''       of  materials,  appani Hits,  timxl  In .  ,  <  ,  * « » * « < .  > . « « »  «  4  •. * .  j  t^ ^ « *. .  4^)  * 
**  **         autogmphic  rwortiing  itppamtus  fur.  ,*....,*  413) 

*'       of  |)lant«,  locomotivo  ..,....,,****.  (Z6) 

'*       of  turbine  water  wh(*f'Ls  in  tiic*  lTnitc*d  8iiitct* ...,....«*>  (S) . 

Tests  oj  a  fHninhlc  boiler,  ^\  -  U.  \\  iciiiiKlt *-.,♦,*,•,,*,(  IS) . 

a  small  electric  raihintf  fffntd,  Jkhki-:  M.  ^^mitm .......  .('5), 

/>(>i7fT  using  grates   intfi  ^mnll  jMrrmttige  of  optning$,  F»  A* 

8('H  KFFLER , *  {  IB) 

the  Innler  of  the  Punhw  locmntiiit^e^  W.  F,  M.  GoflA.  .,,.♦.,  ^ .  .  (22) 

cetUrifugal  pumps,    W.  H,  (SitP5f*o«Y.  ,.,.,>*,.* i  ,  . ,  .    (22) 

''  *'      and  catihration  &}  wfir  nl  tht    Bridgrpart 

Pumping  Station,  Cttirntift,  III.,  U.  ('.  Vmivki^TKIX  (19)  , 

combined  electric  lufhl  ami  rUctric  railitmy  frnlrtd  ntaiiont  D.  C. 

Jackson  and  A.  \\\  Hn  irrrji ,  .      .      (10)  . 

compound  engine  tt-^iTi;^  wtiiirrhraUnl  }>tc\mii.  D.  S.  jAt^iiwtm     (25). 
*'       direct-connected  eigh-ji>oi  fan  nnd  mgif^^  Iv  8*  FAnWKJ*U. ,  . ,    (25]  , 

driving  belts,  Saml.  \\  kuhkH  , **»..♦  *tl4)  , 

Imiiatia  block  coal  ni  th  Chiroga  Wn^  Sidt  pmmpin^  iUstmn^ 

A.  V.  Na(jlk ,  .  . , ...     (13) 

locomotive  at  the  himftUtny  of  Purdm  UnivtrtitUt  W-  K-  M. 

(loss , (i4). 

made  on  the  exfHximfTitaf  eiigint  at  SihUy  Ctdk^t  11*  V,  CaH* 

I'KNTKH ,,,.,.,,,.,,.. . . .  J  t  . .     ,  ( 16) 

<tf  pump   receintuj   mdmn   wri<T   undtr  jwTew*wip,  IL  Va^    A. 

Nouuis .  , , , ,,.,,*,,.,*,..,  (141, 

recent  formuhr  for  chimmy  dmught^  Wm*  KispTT*  .  ♦  * ,.  ,  »{li). 

secern  I  tiffMs  of  em/im^ft  undifr  eondUi^H*  found  tn  miwil  prmv 

tiee,  \{.  ('.  CarPKNTJSH. , (IT) 

steam  pi}>e  coverimj^,  flr/iltOK  IL  nAltlUm,  ...  ,,.,...,,,,,  (23)  , 
the  etnn/Kiratire  vahie  of  difjercnt  kinda  v[  heUtng^  BaMU  W|£H- 

HKK {$), 

the  strength  of  cast  tron  tmidr  in  tht?  laiMnrai&ry  &f  lljfp/lW  mt* 
ehanies  of  M assnrhiif^tt  IntUiitti^  tkf  Tti^noioffUt  QaCTAITO 

I-\N/A .. ,110), 

\\u'  stnn^ijfh  of  sps uco  poliutuiip  CiAirrAivt]  Lanka  imd  K.  F* 

Mm.i.kh ,    ..   (12). 

ten  hifrsr-jtiocer  Del.umt  Mmm  tufMm,  W,  F,  M.  GoiMi.  .    .       (17), 

threr  Suhrr  engine.^,  HaMILTO?!  A*  HtlX.  ,,...,,, (IS) . 

the  triple  engine  ai  th    Mn#»a^humlUi  Imiiildf  af  TWAfUlJbfy, 

C.  U.  Pkahody  Jiad  E.  F-  Millbb ....♦..**,*.. (14) . 
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Tests  on  the  triple  engine^  Massachusetts  Institute  of  Technology,  C.  H. 

Peahody  and  E.  F.  Miller (16) . .     82 

"  to  show  the  distribution  of  moisture  in  steam  when  flowing  through 

a  horizonlal  pipe,  D.  S.  Jacobus (16) . .  1017 

"  "      influence  of  moisture  in  steam  on  the  economy  of  a  steam 

turbine,  D.  S.  Jacobus (18)  ■ .  699 

IVsts  and  testing  materials,  standards  and  methods See  Reports. 

for  car  axles (9) .  •   142 

"     friction,,  of  a  locomotive  slide-valve (21) . .  242 

*'     of  a  calorimeter (II). .  796 

"     of  a  gas  engine,  working  details  of (23) . .  704 

"     of  a  new  seamless  tube ( 19) . .   764 

•'     of  boilers,  data  and  plotted  results (19) . .  390 

"        rules  for  conducting (^ . .  260 

"        tables  for  facilitating  calculations (6) . .     84 

"  "        flue  gas  analysis  in (19) . .  901 

"     of  carwheels (20). .  615 

'•  of  consolidation  freight  locomotives (26) . .   550 

"     of  engines  and  machinery ( 14) . .     41 

"  "        plea  for  standard  method  of  conducting (19) . .   713 

"     on  fire-proofing (18) . .     24 

"     of  locomotives,  method  of  conducting (14) . .  1312 

stay  bolts (19)..  662 

•*     of  materials,  pocket  recorder  for (18) . .   823 

"     of  metals  and  constructive  materials,  appointment  of  United 

States  Government,  commission (3) . .     86 

"    of  oils,  comparative (24) . .  976 

"     of  a  125  horse-power  gas  engine (22) . .  612 

"     of  steam  engines  at  M.  I.  T (7) . .  328 

"  "  "     standard  method  of  conducting  and  reporting.  (19). .  827 

"     of  steel  eye-bars  under  tension (4) . .   420 

"     of  the  strength  and  stiffness  of  large  spruce  beams (4) . .    119 

"     of  the  strengths  of  cements (9) . .    172 

Textile  manufacturing  property,  valuation  of (19) . .   119 

Theorem  of  Rankine  relnting  to  the  ecorwmy  of  single-acting  expansion 

engines  first  published  in  1851,  W.  P.  Trowbridge (3). .  252 

Theorelkal  and   practical   considerations   in   steam   turbine   work,   F. 

HODOKINSON (25) . .   716 

"        investigations  of  the  efficiency  of  vapor  engines,  DeVolson 

Wood (12) . .   156 

Theory  and  design  of  chimneys,  with  crUicisms  on  the  common  theory 

and  experimental  data,  Horace  B.  Gale (II)..  461 

"      ttf  direct-acting  steam  jmmps,  D.  Gublbaum (16). .     76 

"     of  shaft  governors,  A.  K.  Mansfield * (16) . .  929 

"     of  the  finance  of  htbrication  and  on  the  i^ai^uUion  of  lubricants 

by  consumers,  R.  H.  Thurston (6) . .  487 

"   moment  of  inertia,  C.  V.  Kerr (16) .  .477;  (20) . .   177 

"         "    sliding  friction  of  rotation,  R.  H.  Thurston (6) . .   122 

"         "    sttam  jacket,  currert  practice,  R.  H.  Thurston (16). .  779 

Thermal  quantities,  graphic  representation  of (II)..  997 


Thermodynamics  of  certain  {orniA  of  the  Wmikingt&n  and  oth^  wmw- 

pound  pum^nntf  tttfiimsf,  B.  W.  Kobik*on.  ......  .(3) .  . 

"  without  ihi  rrt/ruiuii,  UK4>««ifi  RlCHWaM*. (19) . . 

Thermometer,  mercurial,  mto  of  fall  tir  rinp  ntuk^r  JjlT^^reKt  «Hii»iiitloTJS  (13) . 
Thermodynamics,  refrig<TuiinK  t*t^»et5s^  *um1  itu  proper  i*ki'*i  in, ., ...  (14)^ 

Threiiding  device  for  stay  iM*lf»   ...••♦*,•,  ^  * .  ♦  ^  ^    ,  .  r ,  (49) .  . 

Thermostat .-.,**. .,,.*.,*  *  ,(121 ,  . 

Thermostiitic  regulators.  «  *  .,.•,-....,....,  ^ ,  ...  ^  >  ^  + . « » .  ^ , ,  » ,  *  ^  *  (0)  .  , 

Threads 


on  half-inch  boU, .,,,.- ,  ^  *.....,.   (13) 

pipe •■■.■■ tr,»»,. ,,(7). 

Throttling  calorimeters,  rHUibilily  of  ,♦..,...  * ,  .  ,  ^  * .  .  * » *  -  (17) . 

**  "  t:\|H*rirn('nLs  with*. 

"        calorimeters,  Xv€.i  of  tht«  lu^curuoy  cif     .  . 

"  vs.  cut-oflf  reguhition* , , .*,,.. 

Tide  measurements ,  . , ,  ,  r 

Tilting  water  meter  for  jmrpom  of  txperimmi,  J»  U.  HoaHlKy. 
Timber  expansion  due  to  ah§orpt]nti  &f  WRter* 
Time  and  cost  keeping.  ........... 

Timing  for  protection  of  mtjtute . 

Tire  rolling  mill ,  *  •  .  ^ . 

Tires  for  fly  wheels ♦  •  • 

**    shrinkage  allowance  for* 
Titanium,  its  influence  on  i^rop^rUies  di  msl  Irm  BJ^  Stttl. . 
Tools,  small,  use  of  electric'  molur  on 

"     special,  intrinsic  value  of . 
ToothcnJ  gearings,  friction  tn 

"   ^  gears,  speed  of. 
Topical  discussions  (also  wx'  wilbjert  in  thif  index)* 
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a  a  It  If  J2yi  " 

*'     latb     *» 

-       Itth       " 

lOtJj 
»       I7xh 

«  it         Iftili  II 

.*      24th       ^' 

**     2tttb      * 

-     amth     ** 
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Torsion,  apparatus  for  nieasuiin^ (8) . .  138 
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"           machinery  of  central  stati(»ns,  power  losses  in (15) . .  705 
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"  of  the  calorimeter  as  a  pyrometer  for  high  temjteratures,  J.  C.  Hoad- 

LEY (25..  42 

"  of  the  indicator  for  continuous  records  in  dynamometric  testing, 
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"     pulley  press (22) . .  535 
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